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Flight test data from flight test operations KR über 115 have been 
examined to determine to what degree the serodynamic requirements set forth in 
the airplane detail specification for the hovering and transition phases of 
flight have been satisfied. The results show that sufficient flight test data 
have been accumulated to demonstrate that all requirements have been met with 
the exception of the requirements associated with tako-offs and landings in & 
35 knot wind. Tests for operation in these high wind conditions have not been 
scheduled as yet. 


DISCUSSION 


The aerodynamie requirements for the hovering and transition phases of 
flight are given in paragraph 3028 of reference 1. Each requirement is dis- 
cussed below in the order in which they occur in reference 1 and are numbered 
according to the sub-paragraph numbers. of reference 1. 


General Transition Requirement = "It shall be possible to per! 


transition at low altitudes without exceeding a change in a 


4 


500 feet." 


Photopanel airspeed and altitude data from the landing transiti in 
flight test operation (FTO) #115 have been plotted in figure 1. These 
data show an indicated change in altitude of 390 feet, Sone error in 
the altimeter reading is suspected with the airplane in the vertical 
attitude, since the chase alrplane and chase helicopter have consis- 
tently reported lower altitudes during hovering flight than recorded 
from photopanel date. In FTO #115 the chase helicopter reported 
(reference 2) that the maximum altitude above the terrain reached after 
transition was 350 feet. Both recorded values of change in altitude 
are within the limits specified above. It is expected that after 
ingerporation of the yaw damper zero-altitude-change transitlons will 
be possible although some practice on the part of pilots will probably 
be required to consistently perform level transitions. 


"(1) Teko-off and landing operations shall be possible in winds up to 
20 knots in any horizontal direction, with launching vessel speeds 
up to 15 knota." 


Flight tests to date have been limited to wind velocities of 10 to 12 
knots. No aerodynamic difficulties have been experienced in these | 
wind conditions; however, it is expected that excessive ground taxiing 
will occur in higher winds unless an arresting device is used, ል satis- 
factory arresting system has been tested in the NAGA Langley Full-Scale 
Tunnel using the 0.13 seale free-flight model, (reference 3). This 
system employs a wire mesh which is penetrated by the upwind ding 
ut, Hooks on the landing strut engage the mesh to prevent taxiing 
r tipping of the airplane. 
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"(2) The airplane shall be satisfactorily cóntrollable about all axes 
during vertical take-off and transition to a normal climbing atti- 
tude, and about all axes during the transition from level flight 
to the vertical descent attitude.  Yaw and roll dampers may be 
incorporated for the transition mode." 


The eontrol motions used in the landing transition in FTO /115 are also 
. plotted in figure 1. These plots indicate that adequate control power 
is available about all three axes. The pilot induced pitch oscillation 

show during transition may have resulted from the pilot's attempts to 
reduce the pitch rate when the 6 degree/second warning bell sounded. 
Sinilar pitch oscillations occurred during FTO numbers 101 and 102 and 
are plotted in figures 2 and 3. The pilot did not consider these oscil- 
lations objectionable and indicated that they did not influence the cone 
trollability of the airplane. Controllability during take-off transi 
tions is discussed under paragraph 4 below. 


"(3) With the airplane trimmed for zero elevator control force in level 
flight at any speed from which the transition can be initiated 
within the limits outlined above, the maximum elevator control 
force required during the transition to hovering shall be &pprexi- 
mately 20 pounds, 


The most severe trim change will occur when the airplane is trimmed for 
low speed flight just prior to transition. During actual flight testa 
this trim setting has not been used; however, since artificial feel is 
used, the change in trim force may be computed from the elevator defleg- 
tion records of FTO /115. This is done in figure 1. The actual maxi- 
mun elevator control force 18 24 pounds which nearly satisfies the above 
requirement. However, even 20 pounds force in the hovering attitude 

is considered undesirable by the pilot. Accordingly a special trim 
switch has been incorporated in the airplane to provide hovering trim. 
This switeh is designed to be operated in approach at speeds between 
100 and 120 knots. The actual trim speed is one degree per second, 
Pigure 1 also shows the computed effect of this trim switch on the ele- 
vator control forces during transition, It may be seen that the maxi- 
mum force is 10 pounds and the change in trim will be 0, | 


"(4) With the trim control at a given setting it shall be possible to 
execute the take-off and transition to a normal elimb attitude 
vith & meximum elevator control force of approximately 20 pounds." 


A time history of the take-off from FTO #115 is plotted in figure 4, The 
maximum elevator control forces are È pounds push and 9 pounds pull which 
satigfy the above requirements. Ordinarily the pilot will start retrime 
ming during transition, thus reducing further the control pull force. 


"(5) Positive stability about all axes shall be required in the verti- 
cal descent condition, ‚au, pay be provided by automatic control 
. 1f basie a e stab: AH 


by is not feasible," 


This: میں ہت‎ is considered deleted by! \the Bureau of Aeronauties action 
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"(6) In the vertical descent condition, controllability shall be 
adequate to permit satisfactory and expeditious completion 
of the landing operation under adverse conditions such as 
gusty air, rough seas, and the wind velocities specified in 
(1) above. Control of translational as well as angular motions 
is essential. With the airplane trimmed for zero pilot forces 
in hovering flight, the control forces required to permit the 
landing operation in the vertical doscent condition, under the 
conditions specified in (1) show logical variations with control 
movements and the maximum forces shall be approximately the 


following: 
Elevator 20 ۰ 
aileron 10 1b. 
Rudder 600 7 


The control forces obtained with full surface deflections do not exceed 

the values specified above except for up elevator deflections of 21 6 
or more. Since these large up deflections would not be used in hovering 
flight this requirement is mot. Experience has shown that larger eontrol 
motions may be required in very calm air than in moderately gusty wind 
conditions. This result is attributed to recirculation and sustained flight 
in the airplanes own wash. In higher winds the propeller wash is blown down 
vind. Actual time histories of control positions and forces for a landing 


in calm air and in a 10 knot wind are plotted in figures 5 and ይ respectively. 


"(7) The pitch angle required to maintain zero forward speed with no 
wind shall not be greater than 59 to the vertical relative to 
the ground attitude of the airplane." 


The pitch attitude gyro has not operated properly in flights to date, Photo- . 


graphic flight coverage, however is adequate to establish the trim attitude 
of the airplane in zero wind as approximately 2 degrees nose down. 


"(8) The aerodynamic controls shall be sufficiently powerful to 
allow hovering at a forward speed of 15 knots in winds up 
to 20 knots in any direction, at a distance of 2.0 feet 
clearance above the ground." 


Flight tests to dete heve been limited to wind velocities of 10 to 12 knots. 
No aerodynamie problema have been encountered in ground effeet at those wind 
conditions. Model tests indicate that the above requirement sifould be met 
in a 35 knot wind. 


"(9) There shall be no perceptible reversal of initial response 
of the airplane to control movement in the hovering flight 
regime." 


Pilot reports indicate that the response to control motion is in the proper 
direction, Accelerometer records of abrupt elevator motions have shown no 
measurable reverse accelerations. 


(1) 


(2) 


. (3) 


(4) 
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Subject: The effect of rate of climb and rate of descent on trim elevator 
deflection in vertical flight 


SUMMARY 


The effect of rate of climb and rate of descent on trim elevator deflec- 
tions in vertical flight has been estimated from available wind tunnel data. 
The results indicate that significantly more down elevator ig required for 
trim in descending flight than fer hovering or climbing flight, 


INTRODUCTION 


This memorandum is intended to supplement the data presented in the 
flight predictions report, reference l.. Other supplements will be prepared 
from time to time as required and will be used to amend reference 1 when 
sufficient data are available to warrant revising this report, 


DISCUSSION 


Free flight test results to date have suggested that more dam elevator 
trim is being used during descending flight than is used for hovering at 
constant altitude. Accordingly, the availeble wind tunnel data from refer 
ences 2 and 3 have been used to estimate the trim elevator requirements in 
descending flight. These data are unfortunately limited to flights in wind 
conditions and must be extrapolated to the no wind conditions. There is 
also a greater uncertainty about the accuracy of wind tunnel data at angles 
of attack greater than 90 degrees than there is at angles of attack less 
then 90 degrees. These high angles of attack occur during descent with 
small wind velocity (say less then 10 knots). Figure 1 shows the trim 
requirements as a function of rate of climb and rate of descent for the 
critical 15 knot wind condition. The results are also plotted versus wind 
velocity for several rates of descent in figure 2. Because the wind tunnel 
is not well sulted to measuring the descent characteristics at the lover 
wind velocities, it is intended that these results will be supplied at some 
future time when suitable flight test data are available, 


Results for the ground effect conditions have not been presented herein, 
However, in ground effect It may be expected that ascending flight will 
decrease and descending flight will increase the down elevator deflection 
from the value required for trim with no vertical velocity. This effect 
helps to explain the previously recommended landing procedure established 
for the condition with winds approsching the bottom of the airplane; that is, 
full or nearly full down elevator is required as the airplane approaches 
ground effect and these large elevators deflections are to be held until 
contact to prevent a severe nosing up tendency of the airplane, Some 
advantages in elevator control will result if landings are made with the wind 
approaching the dorsal side of the airplane due to the center of gravity 
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thrust eccentricity trim requirements. However, no wind tunnel data are 
available for this condition which would enable a prediction of the amount 
of elevator required, 


REFERE NOES 


l. "Estimated Flight Performance and Handling Characteristics of the 1۳۳ 
Prototype Airplane", Convair Report ZA-54008, 16 February 1954. 


2, "LoweSpeed Wind Tunnel Tests of a 0,15 Scale Powered Model of the )ہ77(‎ 
Airplane with 579 Wing Leading Eige Sweepback", OVAL 107, 1 November 
1952. | 


3, "Additional Low-Speed Wind-Tunnel Tests of a 0,15-Scals Powered Model of 
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31 March 1953, 
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Subject: Effect of Configuration Changes on the Directional Stability of 
the Model 5 Airplane in Transition, 


SUMMARY 


. It has been observed that considerable difficulty has been encountered 
in eontrolling yaw during the transition flying of the NACA freo-fiight 
model of the XFY-1, Because of this difficulty and the doubtful adequacy 
of +30 rudder deflection controlled by the yaw damper, the measured wind 
tunnel characteristics of the free-flight model configuration have been com» . 
pared with the revised airplane configuration representing the actual air- 
plane, This comparison indicates that the revised airplane, as bulit, 
should have slightly better directional stability and damping characteristics 
than the free-flight model at angles of attack below 559, but that little 
difference between the two configurations can be expected above 559, ۱ 


‘DISCUSSION 
Wind Tunnel Date - The wind tunne) data of references (1) and (2) have been 
orossplotted to obtain the plots shown in figure 1 for the thrust condition 


corresponding to level flight. Thejaccuracy of both the reference (1) and 

(2) date are subject to some question since measurements were made at very 
low dynamic pressure and since the test increments in angle of yaw could 

not be made less than 5°, Å grester doubt exists in the case of the reference 
(1) deta because of greater recirculation effects in the wind tunnel, Accord- 
ingly some judgment has been exercised in interpreting the slopes of the Cy 
va. © curves. For the purposes of this comparison slopes are generally 

taken over a 109 range of sideslip angles. 


E, 


Static Directional Stability > Because at very low dynamic pressure the 
Standard coefficients lose their quantitative significance, the directional 
stability has been plotted in dimensional form in figure 2, These moment 
deta indicate that the revised airplane configuration retains directional 
stability to a higher angle of attack than the free-flight model, However, 
at the low velooities the magnitude of the yawing moment per degree is very 
emall for both configurations. | 


A. 


Static lateral Stability ~ The measured lateral stability in terms of the cone 
ventional dihedral effect is also compared in figure 1. In view of the 
questionable accuracy of these data little difference in dibedral effect 

is indicated, A more important consideration affecting lateral stability i5 
believed to be'the inherent roll angle stability noted at the high angle of 
attack conditions, Unfortunately wind tunnel measurements of this parameter 
are not available for the original configuration. 
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For the Revised Airplane at X = 60 degrees 


Rolling Moment per degree of Roll = ৮300 Cia ibe, (stable) 


Rolling Moment per degree of yaw = AA یہ‎ (stable). 


~ Asa result of the slightly improved directional stability con- ` | 
tribution of the vertical tail for the revised configuration, the demping | 
should be slightly better for the revised configuration than the free-flight 
model configuration. No attempt has been made to obtain a quantitative com- | 
pårison of demping, however, 


Pree-Flight Model Teste - One test (reference 3) of the free-flight model 
with an enlarged vertical tail simulating the increased tail volume of the 
revised configuration was only slightly easier to fly than the original 
configuration, This would appear to be in qualitative agreement with the 
wind tunnel results discussed above. 


CONGLUSIONS 


A review of teat date on the free-flight model configuration of the 
XFY-1 and the revised configuration as actually built, indicate slightly 
improved directional characteristies in transition for the revised airplane 
configuration, The difference, however, is not believed sufficiently great 
to consider £39 deflection available to the yaw damper to be adequate, 
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Subject: Analysis of Hovering Roll Characteristics from Tethered Flight Tests 
of XFY-1 Airplane 


INTRODUGT ION 


Frequent difficulty has been experienced in preventing counterclockwise roll 
(as viewed looking forward) during tethered flight tests of the 77-1 airplane in 
the Moffett Hangar, Some recommendations for improving the roll control were made — 
in reference (1) based on qualitative observations, This memorandum is not intended 
to supersede reference (1), but rather to supplement it by presenting a preliminary 
analysis of quantitative data available from FTO numbers 19, 24, and 28. Asa | 
result of this quantitative analysis, recommendations for improving the hovering 
(b. characteristics are given heroin in greater detail than presented in reference 
3)» 


ANALYSIS 


The configuration of the airplane for the flight test oporatione analyzed 
herein is given in references (2) and (3). | 


Control deflections are presented in figure 1 for hovering flight with a blade 
angle differential on the propeller (48) of 0.2 degrees, and figure 2 for climbing 
and descending flight also with aA@ = 0,2 degrees. These two f'lighta were parts 
of FTO #24 and #28 respectively. No data are presented for FTO #19 in which 
AG = 0.4 degrees because of instrumentation deficiencies during the earlier tests. 


It can be seen in figures 1 and 2 that the pilot ie using aileron deflections 
of the order of £159 left to $159 right to maintain roll position, Part of these 
deflections result from trim required to counteract the propeller unbalaneed torque. 
These trim requirements have been computed by integrating the flight recorde and 
are tabulatad belowi 


iler Dofleotion: 

FTO #24 Hovering 0 & 5,29 (right roll) . 
FTO 86 Climbing 1.5 ۰ + 0.49. (right roll) 
Descending. -1.2 6۰ £11.39 (right roll) 


Reliable data for estimating the AP for zero propeller torque aro not aveil- 
able; however, it is believed that zero torque may be in the region between 
ልፍ = «0,6 to -1,09 rather than +0,2 as indicated by Curtiss-Wright, 


While positive means of checking alleron effectiveness have not been avallable 
in tethered flights to date, the excellent agreement between predicted and measured 
elevator trim deflections and the rudder deflection required to overcome aileron 
yaw suggests that little error exists in the predicted hovering control effectiveness 
from model tests, 
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Wind tunnel tests show a random trim of as much as 5 to 10 degrees left or 
right aileron necessary to hold roll attitude, It appears that the pilot, in 
trying to overcome these random motions, may be considerably overoontrolling the 
airplane in roll. These large deflections from trim may be reduced by the use 
of the roll damper which should have a deflection authority at lease equivalent 
to the predicted random trim variation. 


The roll control deficiency experienced in hovering flights, to date, will 
be magnified during hovering lateral trenslation as shown in reference (4); 
therefore, larger sileron deflections will be necessary for adequate roll control 
in future hovering flights. 


Tuo secondary factors, a temporary oil vent line on the leading edge of the 


left wing and re-circulation of the air around the hangar, might have an adverso - 


effect on the roll control and stability, The oil vent line could possibly 
affect the slipstream flow over the left wing and reduce the effectiveness of 
the left aileron introducing a left roll. Re-cireulation of the slipstream flow 
cen cause noticeable affect on aileron effectiveness during long operations. 
Since most of the operations at hovering power have been of a short duration, 
this effect 38 considered to be of secondary importance. 


It appeara from the flight records (figures 1 and 2) that the pilot mey be 
unintentionally epplying down elevator with right aileron and up elevator with 
left aileron. This type of control may cause much unecessary longitudinal 
motion of the airplane and an apparent longitudinal instability es well as over 
tiring the pilot as a result of the higher longitudinal component of the stick 
Torce. | 


RECOMMENDATIONS 


Since the analysis has shown that the roll difficulties experienced in 
hovering flight result from two factors, (1) trim requirements of the differen- 
tial propeller torque end (2) excessive deflections being used to stabilize the 
roll attitude, the recommendations are given relative to these two factors. 


(1) It is recommended that 40 be reduced in incrementa of 0.59 until a 
trim alleron deflection of zero is obtained. This is a temporary 
"fix" since it results in flight limitations due to power plant 
structural considerations. To aid the pilot in concentrating on 
the effeot of the AP changes it is suggested that a portion of the 
subsequent flights involving AC changes be conducted at thrust 
values Just below thrust necessary for frec-wheoling. 


(2) If as ۵ result of recommendation (1) above, 1t is definitely 
found that zero torque does not occur at the value of 0.29 
specified by GurtisseWright then it is recommended that action 
be taken to have Curtiss re-study the linear AG change with 
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blade angle as a permanent fix. This is preferable since very 
large amounts of aerodynamic trim would be required if the 
propeller unbalanced torque is not within the limits originally 
agree upon with Curtiss lies AP = 0.29 for zero torque). . 


ing The Deflections Used to Stabilize Roll Attitude 


(1) It is recommended that flights be made with roll damper operative. 
Although the surface defleotions available to the damper are only 
43° which may be less than the anticipated random trim requirementa, 
preliminary flight simulator experience indicates 1t will tend to 

` reduce pilot overcontrol somewhat. 


(2) If recomendation (1) does not reduce the aileron stick defleetion 
used by the pilot to values less than +49 or 25%, which 1t probably 
will not, then the travel available to the dewper should be increased 
by one of the methods recommended in reference (1). 


(3) It is recommended that the nileron deflection be increased (i.o., 
, alevons and/or rudderons) to overcome the roll control deficiency. 


(1) Recirculation effect on roll may be checked by trimming the airplane 
in roll with thrust less-than-the value for free-wheeling. If the 
‘airplane is allowed to roll freely with stick held fixed for trim in 
this configuration random alternate right and left roll will indicate 
the presence of recireulation or large amounts of random trim. No 
motion or a steady roll in one direction will indicate negligible 
reoiraulation, | 


(2) Tests indicate that the effeets of recirculation or random trim are 
minimized when a small steady cross-wind exists. Tests simulating 
this condition may be mede with both henger doors open, 
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Subject: Fighter Performance Possibilitios of the Convair Model 5 Airplane with 
Various Turbo Prop Power Plant Installations, 


SUMMARY 


The performance possibilities of several turbo-prop power plant installations 
suitable for tactical. fighter missions are summarized herein, In order to 
efficiently use increases in power, modifications to the basic airplane are res 
quired. The modifications involve use of thinner wing and teil sections and the 
use of a trausonie fuselage design, The basie planform and control design is 
assumed unchanged in order to take advantage of the excellent hovering and transis 
tion characteristics already developed, Results show that supersonio speeds are 
possible with current power plants and propellers without sacrificing any of the 
vertical take-off or landing characteristics. 


The results presented herein shall be considered to be preliminary calsula- 
tions. because of assumptions required for propeller efficiencies, engine powers and 
airframe area distribution and center of gravity location, 

INTRODUCTION 


Difficulties in the development of the Allison Te54-A-6 engine have ee poste 
poned its availability date as to require consideration of alternate engine instale 
lations in a tactical FT-1 airplane. Two alternate pover-plant installations have 
been considered, These are: 


È Allison T-40-A-14 with increased ESHP rating of 7000 
2) 2 Pratt & Whitney T-34's coupled through dual rotation gear box 


After burners have been used with the Te54-A-6 and the T=34 engines, but, 
according to the manufacturer, are not practical with the T-A0=A=l/, engine. After» 
burners substantially improve the performance of turbo prop airplanes operating 
in the transonie regime since the afterburner increases the turbine back pressure 
reducing the shaft horsepower and increasing the jet thrust, This redistritution 
of power between the shaft and jet is highly desirable because of lew 46 
propeller efficiencies available and because of the high jet horsepower produced, 


This memorandum briefly summarizes the performance characteristics of the 
Convair Model 5 airplane when used as a convoy fighter. Additional studios will 


show the effect of various power plant installations on the performance characterise 


ties of the airplane in ground support missions, 


DRAG CHARACTERISTICS 
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| Trangonie Airframe, = For this version & ving thiolness of 6% and a 
tail aech of 5% is used. The fuselage ls revised to house two T«34 engines 
and the cockpit and afterbody are modified to give the area and equivalent radius 

plot shewn in figure 1, The transonie drag up to Ma 0,95 has been evaluated 8 
مھ‎ (2) and the drag at M = 1,00 and 1,09 has been computed according to the 
"Area Rule" correlation of reference (3). 


ENGINE POWERS 


Engine Power. መ Since specifications are not available for the increased 
7000 ESHP) rating 117-40 engine 1t was necessary to ratio powers up from reference 


Je 


The power available for the T-54 engine with afterburner was determined in 
reference (2), 


The power available for the two T-34 engines with afterburner has been computed 
using reference (5) in the same manner as used for the T-54 engine in reference (2). 
Eocause of the nearly equivalent airflow rates of the T-54 and 7-34 engine the net 
jet thrust of one T-34 vas assumed equivalent to the T=54 engine, Shaft hersepowers 
for afterburning were assumed reduced by the same proportion as on the T-54 engine. 


PROPELLER EFFICIENCIES 


The tactical propeller design study of reference (6) was used as a basis for 
predicting propeller efficiencies up to M = 0,95, Since no test data are available 
on the efficiencies of dual rotating propellers above M = 1,0, the effisieneler were 
computed at M= 1,0 and 1.1 from the two-dimensional airfoil data of reference (7) 
assuming no losses. Then these values vere arbitrarily reduced 5$ to account for 
tip losses, Figure 2 summarizes the propeller characteristics, the take-off thrusts 
and the efficiencies at 35,000 feet. 


PERFORMANCE 
The performance of the airplane with various power plant installations is cume 


marized in figure 3. The airplane take-off and fuel weights with the various power 
plant installations were assumed as follows: 


٦‏ سا 
PhD we 7000 ESHP) Basic 777-1 16,2507 2810‏ 
T-54 (with afterburner ) Basie XPY-1 16, 7508 2985‏ 
Tuo 7-34 (with efterburner Revised transonie‏ 
and revised airframe) fuselage and thin 20, 500% 4250‏ 
wings‏ 


Mission studies are not presented; however, preliminary calculations indicate that 
all versions can perform the reference (8) convoy fighter 100 nautieal mile intere 
cept mission with loitering times between 0,5 and 1,5 hours, 
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SUBJECT: Directional and Late oral Yawing and Rolling Rate Stability Derivatives 
for the Model 5 Airplanes 


SUMMARY 


The directional and lateral yawing and rolling rate stability dorive= 
tives of the Model 5 airplane ere presented herein, These derivatives are based 
on deta obtained by the NAGA in the Langley lew speed stability tunnel on a 1/9 
senle powered model of the original configuration of the Medel 5 airplane, Core 
reotione to the measured wind tunnel deta have been applied for configuration 
changes and Mach number, Fair correlation has been made between theoretical 
values and test date. 


DISCUSSION 


onficuration. = The derivatives measured in references 1 and 2 have 
been corrected for configuration changes and the results are presented for the 
configuration shown in figure 1, 


low Speed. De; rivativege - The wind tunnel data of references 1 and 2 
vere obtained on the original E of tho Model 5 ai rpi lane and are shown 
in figures 2 through 5. Estimated values of tho derivatives for both the origin 
and present configurations were made using the data of I: 3a Å sompar per 

of the estimated derivatives with test data is shown in figures 2 and 3 for Te = 
and in figures 4 end 5 for propellers off. The correeted value of each dini 
for the present configuration has been obtained by adding the estimated offoot ef 
the change in airplane configuration to the measured value for the original air» 
plane configuration. These corrected derivatives are shown by the heavy line in 
figures 2 through 5. 


i Mach Number Effects. ~ An estimation of the Mach mmber effect on these 
derivatives has er made and is presented in figure 6, These effects were estie 
mated by using the date of reference 3. The Mach number effects on Cn و‎ C, œ 
and G are small and may be neglected in the Mach number range shown, 5 

と 
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2, NAGA Research Memorandum on the Rolling Stability Derivatives of the WY 
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SUBJWOT $ Preliminary Directional and lateral Stability Characteristics of the 
Model 5 Airplane. 


SUMMARY 


The directional and lateral stability characteristics of the Model 5 
airplane are presented for the prototype airplane, These cheracteristion are 
based on deta obtained during low speed wind tunnel tests during the period 
from February to June 1952 and high speed tests in February 1953, The results 
indicate adequate static direct: ional stability and low positive lateral stability 
throughout the speed and lift coefficient ranges. Checks at two speed end alti 
tude conditions indicate that the airplane will not 06 inherent 
damping at high lift coefficient to meet Navy Specifications; however, å yaw 
damper may be incorporated in the present system if deemed necessary. 


DISCUSSION 


På gur e indicates i. high h direot 


a the speed range above the critical Mach ms or. 
adequate control effectiveness exists up ' 


unber, This 
flight o e Ge? 


Sines the test data of 때 اک‎ land 2 are fer the configure 
the lower vertical tall tip on, and this analysis R. daba for 
with the lower tip removed, a وھ‎ vas made based on figure 3. 


Tho ratio of rudder deflection to rudder pedal movement is mechanically 
varied as a function of the measured compressible dynamic pressure. This varia» 
tion of maximus obtainable rudder deflection with impact dynamic pressure is 


shown in figure La 


Adequate rudder deflection is available to coordinate turne at adi 
speeds as shown in figure 5. This figure also shows the amount of sideslip accom= 
panying an uncoordinated turn. 


A variation with Mach number of maximum stesdy sideslip angle and side 
load factor 38 shown in figure 6, This figure indicates that side load factors 
greater than one may be obtained at hi zh subsonie speeds, In order to prevent 
oe high lead factors the trailing edge angle of the rudder could bo eg 

» the lower rudder be disconnected in high speed flight, Because of tho large 


SCH ratio change a further decrease in rudder deflection below 259 (figure 4) is 
considered mechanically impracticable. 
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dynamie 8 tability was nade by the method of pete rende 1 i. data "of Kee 5 
and eorrected by reference 6, The results are shown in figure 8. This figure 
shows that the dynanie stability will be adequate at high speed but does ከጨ . . 
satisfy Navy specifications, reference 7, for high lift 09912391980 conditions. 
Por this reason a yaw demper will be required in the tactical version of the - 
plane in order to meet the requirements of reference 7, 
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SUBJECT; Take-off Control Oharasteristies of the XFY-1 Airplane Without Side 
Winds. 


SUMMARY 


The take-off performance of the XPFYel prototype airplane has been 
calculated as a function of elevator deflection in order to determine the effect 
of thie deflection on the rate of pushover. From comparison of these results 
with former calculations of flight paths with preseribed rates of pushover, it 
was found that olevator deflections in an order of 16° would be sufficient to 
give rates of pushover of more than 25 degrees per second, Since the angular 
acceleration of the airplane is very sensitive to elevon deflection, care must 
be taken not to overcontrol the airplane in the initial take-off phase. In 
order to effect pushover at reasonable pitch rates the pilot is required to 
reatriat the elevon deflection to a range of 8 to 10 degrees down for the center 
of gravity position  iuvestigsbed. The side force developed due to small elevator 
deflection. before the airplane flight path angle Negrenses does not introduce 


any noticeable reverse motion of the airplane in the initial take-off state. 


H 


INTRODUCTION 


The, determi 
XFYel airplane is d ribed in references 1 and 2, The results indicated that 
the "efficiency" of a flight path increases with the rate of pushover. The 
efficiency was judged by the total energy stored by the airplane after a certain 
time Prom take-off. However, the rate of increase of the total energy becomes 
amall with rates of pushover greater than about 10 degrees per second. There- 
fore, from the efficiency standpoint, the take-off with a rate of pushover of 

25 degrees per second, the greatest value applied in the caleulation, has no 
significant advantages over a rate of pushover of 10 degrees por second, Further: 
more, the take-off with a rate of pushover of 10 degrees per second is preferable 
with regard to obtaining altitude in order to clear obstacles. 


The take-off? studies on the tactical version of the XFYel airplane as 
well as the prototype include consideration of the effect of thrust to veight 
ratio on the minimum acceleration along the flight path and cover a range of 
thrust to weight ratios from 1,03 to 1.33. The results indicated that the minie 
mun longitudinal acceleration increases with increasing rates of pushover for all 
thrust to weight ratios and approaches the initial take-off acceleration st a 
rate of pushover of approximately 10 degrees per second, With this rate of pushe 


over, take-off vas still possible at a thrust to weight ratio of 3.03, 


Since the rates of pushover of 10 degrees per second has been found to 
give a sabisfastory take-off performance, the present study was aimed at the 
determination of an elevator deflection program for the take-off to obtain such 
a rate of pushover. 
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Simultaneously, with these calculations information has been obtained 
to determine if the normal force due to elevator deflection in the initial 
state of the take-off creates any undesirable horizontal motion of the airplane. 


DISCUSSION 


From the force diagram in figure 1 it can bø seen that tho force and 
moment equilibrium is expressed by the following three equations: 


Vertical force: a, 27 ° 66 © ا-‎ D siny o Å cos p 


Horizontal Force: ag  ሟ sin ወ =D cosy + 7 sin y 


LES 


© » M 


mt mie miż 


Moments 


Tn addition to these basie equations the following relations between 
the angles are given po — Y 
A ve | 


x = 90 -(p-0) 


D 


As in the former take-off studies the equations have been solved with 
the use of IBM equipment. 


Take-off Thrust. = The take-off thrust has been calculated with the 
method deseribed in reference 3 using engine data from reference 4. According 
to the results of these calculations the thrust can be expressed in the Linear 
farm 
1 omg 


P = 37350 = 29,8 y v € 04.4 ۰ 
Ya 1780 = 35,2 y ټپ‎ > Mel የ1›/866. 


Since only low altitudes are involved in these caloulationg the influence of the 
altitude on the thrust has been neglected, 


ovodynamic Data. መ The aerodynamio date have been taken from هه مه‎ 
wind tunnel tests (references 5 and 6), In tho wind tunnel tests on the powered 
model with zero wind velocity, the forces and momenta acting on the airplane have 
been referred to the dynamic pressure of the propeller slipstream, In the wind 
tunnel tests with wind velocities the data have been referred to the 6 
pressure of the free air stream. In order to obtain consistent data for the 
take-off calculation, all acrodynamic forces and moments have been referred to 
the total dynamic pressure equal to the sum of the dynamic pressures of the slip- 
stream and free air stream, The effect of ground proximity has not been included 


in the analysis ও 
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For the drag cooffioient the seme expression has been used as in the 

take-off? studies in reference 13 
2.72 | 
و‎ 0. + 0480 | 


hygieal Data. + The moment of inertia of the airplane is 25, 800 slug 
Pt. referred to the pitch axis for a center of gravity location of 14% MAG and 
an airplane weight of 14,250 35, 


RESULTS 


The take-off flight paths obtained with different constant eleven 
defleotione are plotted in figure 2. The take-off spot is at the origin of the 
coordinate system and the lower side of the airplane is to the right, With any 
positive deflection of the elevon the propeller slipstream would cause a side : 
force tending to move the airplane to the left. This reverse motion of the eire 
plane is opposed by two factores the initiated side notion induces an angle of 
attack which tenda to decrease the reverse force and to stop the side motion, and 
secondly, the rotation of the airplane decreases the horizontal component of the 
reverse force very rapidly and simultaneously builds up an ópposite component of 
the propeller thrust at elevon deflections giving a forward rotation of the aire 
plane, The reverse motion obtained in the calculations was less than one foot. 


Even with small elevator angles relatively great angular aceslerations 
of the airplane are obtained, The initial moment zero is given by ته‎ elevator 
angle of about 7,59. With a constant elevator angle of 8º the airplane would 
climb to a maximum altitude of 167 feet in 8 seconds, The forward velocity ef 
90,8 ft./see. at an angle of attack Oef'at this point is not sufficient to main- 
tein level flight. The elevator deflection must be decreased in order to avoid 
a loss of altitude, With a constent elevator angle of 109, an altitude of only 
about 60 feet is reached after 4,5 seconds. The velocity at this point is about 
57 ft./soc, The elevator angle should be decreased before this point is reached. 


With elevator deflections larger than 10 degrees the airplane rotation 
has become so fast and the altitudes remain so low that corrections of the initial 
flight path become difficult and therefore elevator angles greater than 109 im the 
initial take-off phase should be avoided. Elevator angles maller than 7,59 cause 
the airplane to rotate backward. In an attempt to take off vertically slight 
errors in the olevon angle may cause such rotation. This is not considered to be 
eritieal, but no rapid changes of the elevon angle for a correction of such motion 
should be made because of tho sensitivity of the angular acceleration to eleven 


anglese 


In figure 3 the flight path obtained with a constant rate of pushover of 
25 degrees per second is compared with the flight paths obtained with the constant 
eleven angles of 16º and 10º, In this comparison, the airplane weight differed 
slightly, being 14,000 instead of 14,250, The influence of this weight difference 
vas found to be negligible, It can ba seen from figure 3 that the elevator angle 
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of 16° results in a considerably greater rate of pushover than 25 degrees per 
second, An elevator angle of about 119 would be sufficient to give such a high 
value of rate of pushover and has to be deereased along the flight path in order 
to keep the rate of pushover at & constant value, 


Tn former studies it has been found, that from the stendpoint of ob- 

taining satisfactory longitudinal accelerations along the flight path, the rate 

of pushover should not be much smaller than 10 degrees por second, 9 
from the standpoint of obtaining reasonable altitudes, the rate of pushover should 
not be much greater than 10 degrees per second. Therefore the rate of pushover 

of 10 degrees per second has been found to give a satisfactory compromise take-off 
flight path, It was intended to determine a variation of the elevator deflection 
along the flight path by which the flight path with a constant rate of pushover of 
10 degrees per second vould be approximated. In figure 4 the take-off flight path 
at the constant rate of pushover of 10 degrees per second is compared with take-off 
flight paths obtained with different elevon angle programs. An initial eleven 
deflection of 12º (flight path No, 1) results in a much to great rate of pushover 
even with a relatively rapid decrease of the angle (de = 129 for 0,5 seconda, 

d. = 10º for the next 2.59 and de = 89 up to 6 seconds), Flight path Noo 2 has 
been obtained with a gradual reduction of the elevon angle from the initial value 

dą » 109, The approximation to the desired flight path is satisfactory in the 
first phase up to 5 seconde, then the decrease of the elevon angle becomes too 
fast, Flight path No. 3 shows a good approximation of the take-off flight path 
with a constant rate of pushover of 10 degrees per second. The variation of the 
eleven angle with time for this path is plotted in figure 5. 

Flight path No. 4 shows tho effect of a gradual increase of the elevon 

angle from de = 8 to de a 12%, The rate of pushover increases relatively 
fast along this flight path and the maximum altitude reached is only 78 feet. 


GONOLUSTONS 


1, The ealeulations of take-off flight paths for the prototype airplane with 
different elevator angles show that for horizontal center of gravity position 
of 14% MAG and a vertical center of gravity 4.7 inches above water line zero, 
the initial elevator angie should be between 8° and 10°, A satlafactory 
take-off flight path would be obtained with an initial elevon angle of 305 
and a gradual reduction sesording to the plot in figure 5. 


2, Reverse motion of the airplane during tako-offs without wind is less than 
1 foot and should cause no difficulties, 
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SUBJECT: Determination of Some Tako-off Paths for the XFY-1 Prototype Airplane 
in Winds of 20 and 35 Knots. 


SUMMARY 


Typical take-off paths for the XFY-1 prototype airplane with two 
center of gravity vertical positions, two values of jet tailpipe tilt, and two 
values of initial airplane tilt in winds of 20 and 35 knots have been caleulated. 
It was determined thet take-off was possible in all cases except for the highest 
oenter-of-gravity location in a 25 knot wind. In other cases large amounts of 
rearward drift occurred during take-off. A low center of gravity position, tail 
pipe tilt and airplane ground attitude nose down tilt were found effective in 
reducing the amount of rearward drift. 


DISCUSSION 


The basic configuration used for the take-off paths in winds is shown 
in figure 1, The airplane was assumed yo have a gross weight of 14,250 1b, and 
a moment of inertia of 25,800 slug feet The center of gravity was located at 
14$ of the wing mean Seege chord. Two configurations were studied: (1) An 
airplane with the vertical location of the center of gravity at 4.7 inches above 
the airplane water line zero and no jet tallpipe tilt, and (2 ) an airplane with 
the vertical location of the center of gravity at 1.5 inches above the airplane 
water lino zero and an affective jet tailpipe tilt of 209 down. 


| d of Analysis. = The longitudinal equations of motion were inte- 
grated in শপ ealculations using aerodynamie force and moment data of 
reference 1, The effects of ground proximity are included in these data, The 
airplane static thrust was calculated by the method of reference 2 using the engine 
performance data of reference 3, The resulting value of static thrust was 
17,350 lbs. and this was assumed constant for the low velocity range studied, 
Based on previous calculations the propeller thrust was assumed to be 94% of the 
total thrust. Corrections vere made to the force and moment data for center of 
gravity location and jet tallpipe tilt as needed. Blade angle effects and dust 
flow effects are considered small in the flight range and have been neglected, 


RESULTS 


The results are plotted in figures 2 and 3 for takeoffs in 20 and 35 
knot winds, respectively. The airplane wae assumed to be tied down until full 
thrust was developed and then released instantaneously. This practico will be 

required to keep the airplane from rolling or tipping over before take-off 
(reference 4). 


The results show that take-offs nre possible in all cases except for 
the high eenter-ofegravity configuration without tail pipe tilt in 35 knot winds, 
Figure 3 shows that this take=aff could not be made because the nose-up pitching 
moments due to thrust eccentricity and wind velocity could not be overcame by 
elevator control. 
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In other cases considerable amounts of airplane rearward drift occur 
before the elevator control is effective in bringing the airplane into the trim 
attitude required by the wind velocity. Å lov center of gravity position and 
tail pipe tilt are effective in reducing the rearward drifts therefore it is 
recommended that the tail pipe tilt be incorporated in the prototype airplane 
and that the airplane be ballasted to restrict the vertical center of gravity 
position to values less than 1,5 inches above waterline zero, Another effective 
manner of reducing the rearward drift is to adjust the take-off attitude of the 
airplane 59 nose down, It is recomended that provisions for this be incorporated 
in the tactical versions of the airplane, 


The elevator programs required to execute take-offs in winds are shown 
for two cases in figure 4. Full down deflection is needed at take-off, but this 
deflection must be reduced as the airplane begias to rotate into the trim attitude 
to prevent overcontrol. Sufficient elevator is available near trim to produce 
nose down attitudes in which the airplane would sink to the ground. The minimum 
level flight angle-of-attack required to maintain altitude with full power ie 
shown in figure 5, 
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SUBJECT: Estimated Aileron Control System Requirements 
SUMMARY 


The deflection requirements for the nileron control system have been 


recomputed based on recent NACA test data obtained on the damping in roll 


of a model of the XFY-l elrplane and on the most recent aileron control 
effectivenoss data obtained in Southern California Cooperative Wind Tunnel, 
Based on the resulte of this Investigation it 18 recommended that the step 
switching of maximum aileron position with impact dynamic pressure (com 
pressible) be replaced by a potentiometer function of impact: dynamie ` 


pressure, The revision will enable the Bureau of Aeronautics aileron cons 


trol requirements to be met at all conditions up to a Mach number of 0.9 
and will provide structural protection for the airplane in all flight 
conditions o 


DISCUSS TON 


Alleron Effectiveness = The aileron roll control characteristics are 
plotted in Figure 1. The higher aileron effectiveness meesured in the 
CUT tests (reference 1 & 2) has been used to compule rates of roll in 
preference to the CVAL data because of the questionable bares associated ` 
with the model mounting arrangements used in the CVAL teste (reference 3). 


oli ~ The measured and estimated values of damping in roll sre 
gure 2. The value used to compute the airplane rates of roll 
has been obtained by adding the estimated effect of the change in airplane 
configuration to the messured velue for the original airplane configuration, 
The values of damping in roll coefficient have been corrected for Mach 
number by the ratio of the lift curve slopes. 


Rates of Roll - The total aileron deflection required to give the maximum 
structural design value of roll rate (2509/sec.) und the minimum roll 
performance required by Bureau of Aeronautice specifications (reference 4) 
have been estimated using the data from figures 1 and R. The results 

are plotted in figure 3. No corrections have been made for the effects 
of (1) Reynolds number on the aileron effectiveness, (2) adverse yaw 


due to rolling with rudders locked, or (3) wing or eileron twisting. Å 


brief investigation of the effect of adverse yaw indicates that this 


effect should be negligible since both the adverse yaw coefficient, Ca ۲ 
and the lateral stability derivative, Ca ን are small while the direct» 
lonal stability Cze is extremely high. Because of the relatively thiok 
delta wing, little wing twisting is anticipated, however, some aileron 
twisting and blow back may be experienced. In order to partially com» 
pensate for the unknown aileron blowback and twisting, the recommended 
maximum total aileron defleetion versus impact dynamie pressure has been 
placed nearer the structural limit than the aerodynamic requirement 
(figure 3) a 
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SUBJECT: Preliminary Analysis of Simulated Pitch Landings of the XFY-1 Airplane 
in Twenty and Thirty-Five Knot Winds, 


SUMMARY 


This memorendum presents the results of & preliminary investigation 
of the 177-1 pitoh landing technique using the Reeves Electronic Analog Computer 
(REAC). A landing technique is recommended based on the structural and physical 
landing requirements and on the airplane handling characteristics, The studies 
show that the airplane can be flown to landinys that are Structurally safe and 
safe from tip over in wind velocities up to 35 knots, 


Regions in which control cannot be maintained exist at winds greater 
than about 20 knots for nearly vertical airplane attitudes. Wind tunnel data 
and REAG analyses indicate that landings would be dangerous if the pilot should 
place the airplane in these regions, however, these regions can be effectively 
eliminated by relatively minor modifications which tend to reduce the static 
moment coefficient in hovering for the case of no wind and zero elevator defleg= 
tion, ١ 


Aerodynamic piteh damping is very important in determining the fly- 
ability of this airplane, Large values of pitch damping are generally beneficial 
for hovering and landing control, although too great a value of pitch damping 
makes the final landing rotation of the airereft difficult to perform, 


INTRODUCTION ۳ 


The unconventional nature of the 1۳1-1 airplane gives rise to landing 
problems that are peculiar to this typa of airplane. The basic concept of the 
landing procedure is for the airplane to go through a transition from horizontal 
flight to a hovering attitude at approximately constent altitude and then descend 
nearly vertically, This maneuver is possible because the airplane has a static 
thrust greater than the weight of the airplane. The airplane can be controlled 
in landing by deflection of the rudder and elevon surfaces in the propeller slip» 
stream, The thrust on the airplane is controlled through the engine throttle, 
The airplane is supported on landing at four points on the trailing edges of the 
wing tips and tail tips. The general manner in which the throttle and control 
surfaces are employed in landings and the mechanism of the asrodynamic forces 
created have been discussed in reference 1, 


When the wind velocity is in the airplane plane of symmetry the trim 
pitch angle required to hover at the larger wind velocities is too great to allow 
a vertical descent landing such as is performed by helicopters. Wind tunnel 
analyses (reference 2) show there are two basic problems associated with con- 
trolling the pitch attitude during landings in winds, 


(1) The trim pitch attitudes in high winds can be too large to allow 
the airplane to make a vertical descent in the trim condition 
without either exceeding the structural design limit on the alighte 
ing gear or exceeding the tip over angle of the airplane, 
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(2) When the airplane is rotated out of trim to the vertical attitude in 
winds of 15 knots or more, an uncontrollable positive pitching moment 
exists which could be very dangerous if this attitude were obtained 
more than a few feet above the ground, 


These aerodynamics characteristics have been discussed in reference 2, 


Based on the above limitations it is necessary to devise a landing 
technique in which the airplane is dropped to vithin a few feet of the ground 
and then rotated to the vertical attitude just before contact, This memorandum 
discusses the results of an investigation of this type of landing. A quantita» 
tive analysis to determine the maximum allovable horizontal velocity or angular 
velocity or the allovable combinations of velocities and pitch angles for safe 
structural and stable landings has not been made because of the extensive caleu- 
lations required. It is desirable to keep the angular and horizontal velocities 
as small as possible, however, 


DISCUSSION 


Equipment. - The plotting board end operator (pilot) controls 
ed landings are shown in figure 1, 


mulat 


used for the si 


The operator is supplied with two manually actuated controls. These 
controls are the throttle, set for one degree of throttle movement per 113 pounds 
change in thrust, to correspond to the actual engine controls, and the elevator 
control, set for 1 degree of control deflection per 1 degree of elevator surface 
deflection. There is negligible lag in the operation of these controls, and the 
control deflection speed is limited only by the operator's speed, 


The plotting board 18 provided with a erab and inking pen, The coordi- 
nates on the plotting board are altitude and horizontal distance, The operator 
can determine his position and translational velocity and, to a slight extent, 
acceleration, from the movement of the erab and pen on this board. The pen 
records the movement of the center of gravity of the airplane. A galvanometer is 
mounted on the crab. This galvanometer measures the pitch angle of the airplane. 
The operator can observe his angular position with reference to the vertical and 
also his angular velocity and again, to a slight extent, angular acceleration, by 
watching the galvanometer needle. The gains of the horizontal and vertical scales 
were first set so that the operator could discern movement easily corresponding to 
about 1 foot vertical movement of the airplane and about 1/2 foot horizontal 
travel of the airplane, This amounted to about 1/8 inch vertical travel and 1/16 
inch horizontal travel of the crab, respectively, During the first flights it was 
found that by reducing the scale by 5 the airplane appeared easier to control and 
so this gain was used for most of the later flights. The galvanometer gain was 
set so that 3 degrees of travel of the needle represented 1 degree of airplene 
rotation. The time scale for the simulation was set at 1 second to 1 second, 


Simulation 


(a) Equations of motion. The equations of motion of tho airplane for the 
piteh landing, using the nomenclature of figure 2, are given below, All notion 
is assumed to take place in the plane of the tail, A list of synbols is given 
in Table I, 
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(b) A nt; 
They may be represented olosely, however, by the 


functions o 0 A 
following equations: 


for OS Å € 0 
CG’ = Ol da ¬ ۹۶ ۸ 0.0031 - 6 + 10678, de 


Cy, = 00225-0NTó, 00785۸ +0399Ade #0. £576, +10721 وک‎ 


for 024 © Å 8۹ 
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Gn’ = 0087 -OBIA +00888, -0.140 de 7 2.12 de À +0455 AO de 


Plots of the above equations are compared with vind-tunnel test data in figure 2, 
It may be seen that the analytical approximation is fairly good in the renge of 
low velocity ratios except at fig = -309 for ጋፍ A £ 0,20 and de = 300, The 
derivatives for O € Å < 0.20 were used for flights in a 20 knot wind and the 
airplane was seldom in the configuration eorresponding to the poorly represented 
derivatives, The simulation is not quite as good in the range of high velocity 
ratios. No ground effect was included in the simulation because of the difficulty 
of representing the effect of the ground on the aerodynamic coefficients. A gross 
weight of 12,000 pounds was used for this aerodynamie investigation of landing 
characteristies because the ê | slipstream velocities give more 
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critical aerodynamic control, 


(a) Aerodynamic Damping. Aerodynamic damping terms were included for the 
effect of the variation of thrust force along the propeller axis with the come 
ponent of velocity alone this axis, This damping is given bys 


> % " 2 (KL - u, ne) 


where the value of -15 pounds per foot per second was obtained from caleulations 
of the static and take-off thrusts by the methods of reference 3, 

Ån aerodynamie pitch damping term was generally included in the equations 
of motion. The value of the pitch damping (€, å ) was varied over a wide range 
since the estimation of the pitch damping was not considered accurate.  Subse- 
quent to this investigation an estimate of the damping in pitch was made considering 
some experimental data obtained by the NACA, This estimated value of the damping 
derivative is derived in Appendix I, This value of the pitch damping was higher 
than used for the majority of the simulated landings. 


(3) Goi Lagg. = There were no significant lags in any of the REAC circults 
for simulation. In the actual case there may be some lag in the throttle control 
attributable to the time required to vary the fuel flow, Flectronie equipment 
limitations prevented the simulation of this lag. The engine speed governor and 
piteh change mechanism are very fast and should not have any significant time lag. 
There should be no significant time lags in the actual elevator control system, 


(e) Control Deflection and Speed. = Liniters were provided in the REAC sime 
lation to limit elevator deflections to a maximum of +30 degrees. No limit to the 
rate of elevator deflection was provided, In the actual control system the maxi- 
mum rate of control deflection will be limited to approximately 50 degrees per 
segond by the capacity of the hydraulic pump, 


No limit on maximum thrust vas required since full thrust was never needed 
during the simulated landings. 


er. © No artificial damping vas used in this simulation, 


(g) gical Effects. = A significant inadequacy of the simulation is 
the lack of the operator's ability to "feel" accelerations, In addition, the 
operator experlences no physiological or psychological effects such as would be 
present in the actual case. These limitations are, however, also present in free 
flight model techniques; and these techniques have nevertheloss proved successful 
in obtaining information concerning the flying qualities of airplanes. 


(ከ) Girguit Diagram. = The equations of motion including the effecte discussed 
above were set up on the REAG according to tbe circuit diagram shown in figures 4 
and 5, 
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erator E ence. = The operator experience is a significant faster in 
the ale to YE good landings using the FEAG simulation, This effect is 
described in reference 1, As a result of the time spent by the operators in 
the accumulation of data for the investigation of reference 1 and in this 
investigation, it is believed that the significant qualitative conelusions of thig 
memorandun aye not affected by operator experience. 


Flight Technic ~ Since the trim pitch attitude in moderate winds is 
larger than the impact angle for which the alighting gear is designed, it is 
necessary to rotate the aircraft to a nearly vertical attitude before touching 
down, The most desirablo landing maneuver was found to be one in which a trim 
hovering descent was made until the airplane vas about 20 feet above the ground. 
The airplane vas then accelerated forward into the wind until a definite forward 
velocity was obtained while sinking slightly to about 5 to 10 feet above the 
ground, and then was rotated to about zero degrees pitch attitude and the throttle 
was retarded for the descent to the touchdown. This maneuver, when properly 
accomplished, results in a small pitch angle, a small angular velocity, a small 
horizontal velocity and a moderate vertical velocity. This type of landing is 
difficult because it requires very good judgment of the airplane altitude at the 
point of commitment (the altitude at which it is no longer possible for the air- 
plane to elimb out without touching the ground) and very good coordination of the 
controls, The effect of the rate of descent on the point of commitment is illustra- 
ted in figure 6 which shows the altitude lost while decreasing the vertical velocity 
to zero after the application of full thrust. The exact altitude above the ground 
at which the final rotation is initiated is very critical, If the rotation 8 
initiated too high and the airplane gets into the condition before touchdown where 
the uncontrollable positive pitching tendency exists, the aircraft could fall over 
on its back. If the rotation is initiated too low there may not be sufficient 
time to rotate the aircraft to a safe landing attitude. In either case, the applica- 
tion of power would tend to correct the error; however, the thrust response may 
not be rapid enough to effect recovery. Some landing paths in which the above 
techniques were practiced are shown in figures 7 and 8, The corresponding pilot 
control time histories are shown in figures 9 and 10, 


The final impact velocities and pitch attitudes for all of the simulated 
landings are compared with the airplane design limits for impact velocity and 
attitude in figures 11 and 12. 


Effeot of Aerodynamic Damping. = Control of the airplane could not be mine 
tained for any length of time with no aerodynanie pitch damping. The airplane 
would oscillate about the trim piteh position until the oscillations became 80 
big that the operator vas unable to retain control, When an estimated value of 
pitch damping of Coma = -0.75 was inserted in the equations of motion the aire 
plane was E እ ናዲያ Various multiples of this pitch damping were used during 
REAG lendines, The effect of this damping on the ease of control of the airplane 
is indicated in the table below. 
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OBSERVATION 


| Base with which Difficult to Satisfactory | Easy to control 
airplane may be control control 

| controlled | 
Spot Landing | Most landings Most landings | Landings seldom 
ability | within a 2 to within a 1 to 1,5 over 1/2 wing span 

| 2.5 wing span wing span radius from desired spot 
radius 

| Ability to | Easy, but also | Satisfaotory Too slow, requires | 

| Rotate airplane | overcobirols ` | too much time or 

| to vertical | easily altitude 

| attitude | | 


The alrplane was easler to control with increased pitch damping, but the increased 
pitch damping reduced the angular velocity at flareout for touchdown and so the 
time involved in the flareout and touchdown was longer than with greater pitch 
damping. This tended to cause misjudgement of the airplane attitude at commitment, 
However, the magnitude of the piteh oscillations wes less with increased damping 
and so the final result was that the airplane attitude at commitment could ونا‎ 
judged. best with increased damping s ۱ 


ith Increased Elevator Effectivenegg. = Several landings were made 


Landir 
with the elevator effectiveness increased 50 percent. The effect of the inereased 


elevator effectiveness on the ability to make landings was considered neglizible 
by the operators. 


Effect of Change in the Pitching Moment Coeffici fricient (Cna). = The value of 
tho pitching moment coefficient for zero sidewind and zero elevator deflection 
(Cm) vas varied by 0.0125 and 0.0250 in order to study landings in which dife 
ferent center-of-gravity to thrust line eecentricities would exist, The change 
of 0,0125 effectively reduced the area of no control and the change of 0,0250 
eliminated the ares of no control entirely. Although the area of no control is 
not usually eneountered in normal hovering trim and near trim flight, the effect 
of the arca of no control in landings is to cause a loss of control of the angular 
pitching velocity during the flareout at touchdown, Thus, the elimination of the 
area of no control by changing the pitehing moment coefficient permits better 
landings to be made more easily. This modification could be accomplished on the 
airplane by canting the jet tail pipe down. 


haragterisptics of Airplane on the Grou 4.» Since the structural limits, 
land 12, do not constitute a complete criteria for a satisfactory 
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landing, the conditions. under which the airplane would tip over in winds or roll 
was examined, In order to avoid extensive calculation it was necessary to assume 
the airplane would not roll to predict the overturning angle as a function of 
thrust to weight ratio on wind velocity, This was done in obtaining figure 13. 
The wind velocities at which the airplane would roll sre plotted in figure 14 

for an assumed coefficient of rolling friotioń of 0,05 and a cosfficlent of statio 
friction of Oslo 


CONCLUSIONS AND RECOMMENDATIONS 


1。 The results of this simulator study indicate that it is practicable to make 
landings from pitch attitudes necessary to trim in winds of 20 and 35 knots, 


2. Simulator landings were easier to perform when moderate values of pitch 
damping were used. However, altitude at which to begin the final rotstion 
of the aircraft was difficult to judge. 


3, Variations in control effectiveness had no significant effect on the ability 
to control the airplane. 


ん 。 Control of the airplane was occasionally lost due to rotating the aircraft 
to a nearly vertical attitude in the higher sidewind condition, Control of 
this condition vas markedly improved by simulating a reduction in thrust-line 
to conter-of-gravity eccentricity. It is recommended that this modification 
be accomplished on the airplane by canting the jet nozzles down approximately 


30 degrees, 


5. At small thrust to weight ratios there is a tendeney of the airplane to roll 
or overturn unless restrained. It is accordingly recommended that early 
flight be conducted on nearly windless days and that ar esting provision be 
incorporated for the tactical configuration, 
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APPENDIX A 


The damping in pitch during hovering has been estimated for the propeller 
and wing components of the airplane as described in the folloving paragraphs: 


Ar 


Consider the propeller rotating about a diameter. The velocity normal to 
the disk will be given bys ws rung? and the increment in angle of attack 
on the blades by: ልጩ = سر‎ 

の 


Then: — aT = ace Np png Sar = ack 2/55%2% 9 ar 
٥ Ar 2 


is the increment in thrust per blade at the angle の and radius ሥ 5 The 
damping moment 1 


4#/= ace 0 r?sntge år 
2 
This can be integrated over the radius and then plotted versus ዎ : 
> N 
Each blade will have the same curve but the curve will be displaced in time, 


The average moment with time will be: 


1 
نوز‎ ; Wow dt «AA ; Nt - ف‎ 
| b Sei 


BOR 
2 
M = ("mag 
7 / są l 
The moment per blade iss M = Gee 72 sm 259 gt vide where "= KC 


o 
and the blade tip losses are &ccounted for by taking the integral to H radius 
only, This gives: Ma ae ne 2* CI DM 
$ 


The total moment at any time for three blades will bet 


M = ace መሥ” + مد‎ (B- 20) + unt /# E 
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The total moment is 07110 with 7 ses 


7 
Mar TT = ac €. rset) A mi + Í cos 2p - /Fonpeospjdø 


This integral gives d ; 


For two propellers then: 


H 


۲ PEDAŁ, 
My = Jac ሀቀ ፎ" لی‎ 


8 


a = 5.7 C= 1.5; م‎ = .002378; /2 = 105; Ra 8 


Q' a رو ی۔‎ Poe 12000 ۴ THRUST TOTAL. 


Propeller Side Force Damping. The propeller side force damping is obtained 
~ from the following analysis, The value of 
ፎ፡፡ بپ‎ ーー the rate of change of normal force to thrust 
È ratio shown in figure 15 was obtained from 
1 qe 


で 


the wind tunnel tests described in reference 4. 


1) u = ty 2 
2) er. 0.0028 , REF, 7.15 // = ሆ 7 ۰۵۵086 = の © Ie ሥጋና 6 
3) M = Mto = ‘I: Ihe 
4) | Cy = LOS Z る - (2 ; 69.24, >) ; 
Is JG ፳ 4 £u, IN pli, SE 
5) O, = - 432 LTL == 0.544 


f 0.002378 ۰2/۰255 2 


This damping term is assumed Lo result from the 


Slipstream, 


6) 


7) 


8) 
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increment in angle of attack on the wing caused by 
the change in position of the wing relative to the 
slipstream during the time it takes for the slipe 
Stream to progress from the propeller to the winge 
The subseripts | refer to the wing area immersed 
ia the slipstresm, 


“ረ ' See. Lav, Ir d 
Us 2 
zz Cna ‘ om, tp ወሪ e: wer Ef = : / : 
3 Y fs 3 tal Viso ኢያ 

E my 0 وت‎ . 

Vig 3 る 2 
== 7 Kg quc GE 
= “U 42, A Cs መ Log + Ea 

E ግ 


ሀ 


“12.7 + £ ١/77 = 1274 MB = "OG 


/ሪ hå + 16 628 /ቋሬ + 5۰ = 180 +89 = 275 Fre 


y 


1 


=2 50:24 SIS OR L. 275 OF ° IEL = 0.0680 
727 2 355 167 7 
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Pitching Velocity Damping. - This damping term occurs as a result of the 


pitehing velocity of the wing relative to the slipstream. 


1) Fem TW /483 : の =-274-TA keg - TA ሜዶ)” 
ፆ /ራ 2 ፓ ጆ 
3) Ong = - م‎ 540 - 0.452 “ 0.248 = ፦“ያሠ 


۸ Oy = C, XO LL = 1890: 275 1 727 5ه‎ 
É S T 355 7 


Demping in Hovering Pitch. መ The total E dofiping in pitch during 


isi 
11 ta ut だ de 
ng Pg “ሠሪ Ha peor 
2) ln, = “0.192 -0.344 ৯০,০৫৪ -//25 = LIZ 


g hovering 
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Definition of Symbols 


Description 
Wing mean aerodynamic chord 
Pitching moment coefficient 
Normal force coefficient , > 0% 
Pitch Damping moment coefficient ) 
Propeller diameter 
Altitude above ground 
Moment of inertia about y axis 


Airplane mass 


(を 


Theoretical dynamic pressure of propeller 


slipstream at infinity 
Wing area 
Horizontal Distance 
Total thrust 
Propeller thrust (0.94 T) 
Velocity along propeller axis 
Horizontal wind velocity 
Theoretical slipstream velocity 
Velocity ratio 
Air density 
Tilt angle with respect to vertical 
Elevator deflection 


Propeller normal force slope 


EŻ 


2/7/42 
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Unitg 


1b, 


そ で も 。/see 。 
ft 。/seg D 


£t./s00. 


lugs/ft.^ 
radians or degrees 
radians or degrees 


mia 


NN 


78 
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SUBJECT: Roll Control Characteristics of the XFY-1 Airplane in Hovering Transla- 
l tione 


SUMMARY 


The rolling characteristics of a 0,15 scale model of the XFY-1 airplane 
during hovering translation have been determined during approximately 80 hours of 
testing in the OVAL 8! x 12! wind tunnel. These tests indicate that for an alr- 
plane weight of 12,000 Iba, the present aileron control is sufficient to permit 
lateral translation up to velocities of approximately 18 knots which is in agree- 
"ment with NACA free-flight results. These tests also indicate that the combined 
effectiveness of ailerons and differentially deflected rudders (rudderons) each at 
~ av deflection of $209 would provide roll control sufficient to permit lateral 
translation up to velocities of approximately 34 knots. IG has been found that 
l dnereasing the chord af the control surface is relatively ineffective, since an 
" increase in aileron chord of 50 percent increased the roll divergence velocity 
only 3 knots. However, inoreasing the maximum aileron deflection from £209 to 
130% inereased the roll divergence velocity 6 knots, In addition, various devicos 
have been tested in an effort to change tho characteristics of the relling moments 
which tend to "weather-cock" the airplane into pitch translations from any other 
translational attitude, However, none of the devices tested decreased this 
weather~cocking tendency to such an extent as to justify the additional weight 
associated with them. . 


DISCUSSION 


Pu Deggriptipn of Model and Test Apparatus 

figuration is shown in figure 1. Tho model propeller characteristics used ያጩ 
‘this test are presented in figure 2. The model was mounted on a shielded sting 
support in the OVAL 8 x 12 foot wind tunnel. The sting and model could be rotated 
up to an angle of 909 to the wind direction and the model could be rolled up to an 
angle of 909 on the sting. All tests with which this memorandum is concerned were 
conducted at angles of attack between 60 and 909 coupled with angles of roll be- 
tween O and -909. The propeller blade angles on the model tested were set at 
14,009 on the rear propeller and 12,659 on the front propeller, since it was found 
that this setting gave approximately zero torque. Tasts were made at a propeller 
disc loading of 35,3 pounds per square foot, This compares to full scale diec 
loadings of from 56 pounds per square foot to 104 pounds per square foot for the 
landing condition on the prototype airplane and the takeoff condition of the 
tactical airplane, respectively. Rolling moments were taken with respect to 7 
83088 a 


Rolling Charseteristies in Hovering Translation = The symbols used for 
the hovering flight condition are defined in figure 3. lots of rolling moment 
coefficient ረሃ) versus angle of roli (f) for zero aileron deflection and three 
values of the ratio of translation velocity to slipstream velocity (A) are pre- 
. gented in figures 4 through 7 for tilt angles, (84), from O to 309 with respect 
to the vertical (reference 1). These figures indicated that the airplane has 
positive roll stability for pitch translations and negative roll stability for 
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lateral translations. Although tests were mo. and the results plotted for 
a range of roll angles from 0 to «90º only, it is obvious from symmetry eonsi- — 
derations that the airplane has positive roll stability for piteh translations ` 
vith either positive or negative pitoh angles. Figures 4 through 7 also show 

that the adverse rolling moment is a maximum at an angle of roll of approximately 
.459 (translation along a line bisecting the angle between the Y and % axis). 
For this reason tests to determine control effectiveness vere made at an angle of 
“roll, (B), of 45%. These results are presented in figure 8 as plots of change 

in rolling moment coefficient due to control deflection versus the ratio of trange 
lation velocity to slipstream velocity (A) for various values of aileron, 
rufderon and combined aileron-rudderen deflections and tilt angles (Ø) from © . 
to 30º, The rolling moment coefficient required to trim is also shown in figure fi, 
Hence, the value of the velocity ratio A at the interseetion of this trim curve . 


„with any curve of constant control deflection is the roll divergence veloci ty ratio 


for that deflection provided the maximum rolling moment occurs at f = 45° as has 
been assumed, It should ba noted that the measured value of rolling moment cosf- 
ficient required to trim at zero oo velocity varied with tilt angle from -0,0042 
“at 8, se Ei to 0,0052 at & O^, This variation has been ignored in fairing the 
trim مه‎ curve since it is believed to be caused by recireulatior of the model 
slipstream, 


. Values of the theoretical slipstream velocity wore computed from the 
relation 

MS ere 

۷ سح‎ 8 ーーー Cee, の 

52 02242 7 w | 


. for an airplane weight of 12,000 lbs, Using the curves of figure $, plots were 
then made of hovering roll divergence velocity versus control deflection (figure 9), 
. at, this weight, for aileron, rudderon and aileron plus rudderon deflections from 0 
to £209 at the various tilt angles, Figure 10 is a cross plot of figure 9 and 

. shows the maximum trim velocities, at a gross weight of 12,000 1bs,, for various 

. Systems of hovering roll control. From figure 10 the roll divergence velocity is. 
seen to be approximately 18 knots for an aileron deflection of £200 and 34 Imots 
for a defleetion of both ailerons and rudderons of £209, Control effectiveness 
remains good up to the highest deflections tested, ۱ 


Bffee hor tension $ - The effect of the ratio of aileron 
chord to wing moan উকি chord has been estimated from NACA data showing the 


‘change of effective angle of attack of a wing per unit change of flap angle fer 


various flap to wing chord ratios (reference 2), Figure 11 was obtained from these 
data by assuming that aC, و‎ is constant throughout a range of effective 
angle of attack corresponding to control deflections of £209, Values of trim Es 
fer $a = £209 and elevon to wing chord ratios differing from the present elevon 
were then obtained by multiplying the present trim Ce (figure 8) for Sa, = 1200 
by the effectiveness factor, (figure 11), corresponding to the desired elevon to 
wing chord ratio, The poll divergence velocity ratio corresponding to each of the 
new values of trim es weresthen read directly from figure $ and the resulte 
plotted as figure 12, For a gross weight of 12,000 lbs. and an aileron. deflection 
of £209 the WYPOSA trim velocity predicted with the aileron chord increased 50 
percent and the same hinge line location is 21 knots as shown in figure 10, 
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À check on the predicted value of roll control with an aileron chord 
increased 50 percent has been obtained in the OVAL wind tunnel (reference 3 3 
for a tilt angle of 20° and a roll angle of «45°. The results are shom in 
figure 13 as a plot of Ci versus Å . Figure 14 presents these results in 
terms of maxima trim translational velocity available for a grøss weight of > 
12, 000 lb. by assuming the variation of roll divergence velocity vith tale angle, | 
for a constant control deflection, is independent of the control chord (ises the 
aileron deflection curves of figure 14 have the seme shape as the aileron deflec= 
tion curves of figure 10). Thus, wind tunnel tests indicate a naxim trim trange 
lationel velocity of 20,5 knots with the extended allerons ০০৮ 1200 as Ge 
par ed Lo the SE value of 21 knotas 


E Bont ner ox Deflection = The effect of. increasing 
the deflection of the extended ile from +300 to 4500 has been obtained for a 
tilt angle of 20º and a roll angle of «450, The results are shown in figure 13 BS . 
a plot of Ce versus A „ These tests indicate that, for a gross weight of ۱ 
, 12,000 Ibs, increasing the deflection of the extended ailerons from 2209 to 1309. 
e changes the maximum trim translational velocity from 20,5 knots to 29,5 knots as 
| shown in figure 14. Assuming the change in aileron deflection Prem ቷ205 tå 430º 
causes the same percentage increase in maximum trim velocity for. the próżgnó” 
ailerons as for the extended ailerons; the maximus trim velocity with a deflection ， 
of +30? of the present ailerons has been estimated to be 24 knots. If the effect 


. (af inoreased aileron deflection is added directly to the combined aileron-rudderon 


.. eurve of figure 10 ) ديق‎ dar = £209) the maximum trim velocity for both ailerons 
‘and rudderons, with AO of da. = £309 and Sar > 1209, becomes 40,5 knots, 


1 9 byin for Various Sy stems of Hovering Roll 
Contras, ~ The سس چیه‎ trim লে PPE) velocities predicted for various systems 
of hovering roll control are listed in tabular form below for ease of diia 


REZ Tri Velocities for Ver 


Gross Pp = 12,0008 . 


= 450 
: Deflection Maximum Trim Trim Tilt ES 
Type of Control n Degrees Velocity Knots Angle ۸ Remarks 
re Darren SÉ 
1, Present Allerons PLEX 1 17,5 o 36.4 Vinã tunnel data - 
: | | | (reference 1) ~ 
O Ra o " رع‎ = 2300 r" | 214 Estimated 
Be Rudderons Sy E 420 ہے‎ 9৮৫ 93 Wind tunnel data 
: n ۱ 1 ` (reference 1) 
4, Present Aflerons + ፍራ «x20 3440 2148 | Wind tunnel data - 
+ Rudderona i (reference 1) 
$, Present Ailerons és = 130, 4045 3143 Estimated 
+ Rudderons ዲዛ = 0 ኝ 
6, Alleron chord 150% $," +20 20,5 . 18,8 ius Tunnel data 
- of Present Chord NP | و‎ = 20% only 
۱ i | ی‎ 3) 
Te Aileron chord 1507 3, = +30 29,5 25,2 zm Tunnel data fær 
of present chord . dą = 209 ST | 


1 (reference 3) 
8, Extended chord di 
ailerons + rudderons $, = 430, . <0 >30 21 Estimated ㆍ 
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E Devices on Roll Stability - The various devices 
shown in figures throug have been tested at a tilt angle of 20° and & 

roll angle of -45° to determine their effect on maximum unstaole value of 

rolling moment coefficient. Fxcept for two configurations the results of these 
tests are shown in figure 24. No data were recorded with the parachute attached 
to the downstream gunpod (Figure 23) because of instability of the parachute in 
the wing wake. No results are shown in figure 2 for the case of drag cups on 

both wingtips (figure 16) since Cê for this configuration is practically identical 
with C, for the case of & drag cup on the downstream wingtip only (figure 18). 
Due to recirculation of the slipstream around the tunnel and around the test se6= 
tion and the proximity of the tunnel walls to the propeller and control surfaces, 
the validity of the data obtained at very lov values of A is extremely doubt- 
ful. The fact that recireulation is present is shown by a change in CZ at 

Å = 0 from the basio configuration for both the drag cup and the drooped ving tip 
extensions even though the location of both of these devices was such as to place 
them outside the slipstream for the equivalent free air condition, It appears 
that the leading edge spoilers increased the recirculation within the test section 
since for low values of A they increased rather than decreased the adverse roll- 
ing moment. The wing tip extensions drooped 550 vere the most efføctive of any of 
the devices tested. However, they only decreased the adverse rolling moment coefe 
ficient at Å = 0,238 and fj = 45º to approximately two-thirds of its value for 


15 
> 


the basie configuration, For the justifiable addition to the airplane of the addi- 


tional weight associated with ۵ device such as those tested, it is believed that 
the device should change the airplane rolling characteristics to the extent that 


neutral roll stability is obtained for lateral hovering translations. Therefore, 


none of the stabilizing devices tested are considered satisfactory. 
CONCLUSIONS 


1, The XFY-1 airplane has positive roll stability for hovering translation with 
the fins parallel to the direction of the relative wind and negative roll 
stability with the wings parallel to the direction of the relative winde 


2, None of the stabilizing devices tested in an attempt to reduce the roll 
instability (wings parallel to the relative wind) reduced the instability & 
sufficient amount to warrant their incorporation on the airplanes 


3, Several methods of increasing the roll power were found, The most practicable 


method of accomplishing this is believed to be through the use of rudderons 
in addition to ailerons. This arrangement shows an increase in the roll 
divergence velocity from 18 to 34 knots. 
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SUBJECT: Estimated Aerodynamie Derivatives for Use in the Design of the Model 5 
Airplane Autøpilet. 


DISCUSSION 


The longitudinal and lateral stability derivatives have been estimated 
for five flight conditions for use in autopilot design. The results, which 
apply to the tactical configuration with the XT-54-2 engine, are presented in 
Table I, The aerodynamie configuration on which the estimates are based is shown 
in figure 1, It is noted that the fin tip hes been removed and that blunt traile 
ing edge elevons are used as a result of recent project decisions, 


The statio derivatives are based on data obtained from reference 1 for 
the Model 5 airplane with blunt trailing edge elevons. The longitudinal statio 
derivatives were corrected for duct inlet flow, power, and blade angle according 
to reference 2, lateral derivatives were corrected for the airplane configuration 
with the lover vertical tail tip removed and for power and blade angle setting. 


The rotary derivatives have been estimated, in general, by the methods 
of reference 3, Where needed, the static derivatives obtained according to the 
preceding paragraph were used in determining the rotary derivatives. The accuracy 
of the derivatives at the Mach number of 1.08 is limited because of tho necessity 
of extrapolating the transonio data of reference 1, This extrapolation vas based 
an the data of references4, 5, 6 and 7, 
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AERODYNAMIC COEFFICIENTS FOR THE MODEL 5 AIRPLANE 


TO BE USED IN AUTOPILOT DESIGN 


CENTER OF GRAVITY LOCATION AT 14% MAC 
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SUBJECT $ Physical Characte Lë sei 
Seale Model 5 Serie 


SUMMARY 


The pitching moment of inertia, control system calibration and dust 
cross-sectional area distribution are presented for the first rocket vehicle 
=p the 1/7,5 scale Model 5 rocket model program. Sufficient information is 
iven to permit calculetion of ballast required and inertia properties with 
ballas t for the region of probable center-of-gruvity location of the first rocket 
vehicle, 


DISCUSSION 


The configuration and physical dimensions of the model to which this 
memorandum applies are given in figure 1 and table I, respectively, The first 
rocket vehicle will be fired without propellers, in order to determine the 
airplane drag and low lift range stability characteristics through the trensonie 
region. 


The complete nodel (less instrumentation) weighs 147.5 1b., with the 
center of gravity at 36.44 MAC. The location of the center of gravity is changed 
by adding ballast to the spianer assembly at fuselage station 12,79. 


The calculated variation of c.g. location with gross welght is given in 
figure 2. 


The variation of pitehing moment of inertia with e.g. location is given 
in figure 3, calculated from the design weight distribution and the addition of 
ballast at fuselage station 12,79. 


'ontrol System Calibration: The variation of control dar pressure 
required to av tuate the control system under statio load is given in figure 4 
The variation of elevon deflection with static load is given in figure 5. 


Duot Arsa Distribution: The distribution of aross-sectionsl area in 
the duet passages of the 2 is given as a function of model fuselage station 
in figure 6. 
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TOCKET MODEL 1111117101171 DATA 


Main Surfaces Dimension Symbol 
Wing 5 


Area WW 5 
Span Ft. ۱ b 
MAC Ft, ር 
Aspect Ratio A 


Taper Ratio ( سب‎ Ce) T 

Root Chord Pt. Og 3,022 

Tip Chord | Phe Cp 0,667 

Airfoil Seetlon NAQA Root 63-009M 

Tip 6/5 OOOH 
T 0 


Dihedrel Angle 
Sweenback of Leading ۵ 
Sweepbaci of Trailing Fdge 


2 
| Area, Pt. : 2,129 
| Span Ft. RZ 3,149 
Mas Pi, dy Aa 
| Aspect Ratio hy う 。25 


Taper Ratio ( Cr/Ce) Ty 0,401 
Root Onord Ft, CR. 1578 
Tip Chord Ft, Gr, 0,633 
Airfoil Section NACA Root 63-009M 
| Tip 62=N09M 
Sweepback of Leading Edge Degrees AIE 40 
Sweepback of Trailing Edge Degrees ATE | 5 


Fuselage 
Meximun Width Pt. 
Maximum Height Pt, 
Length Ft, 


Elevons 5 
Area (Aft of Hinge Line) bt," 0,571 
Chard (Constant, ل‎ Hing 


Ft. 0.242 
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SUBJECTS 209-2 Propeller Investigation => Part TV - Aerodynamic Design of a 
نے‎ o Transonic, Dual-Rotating Propeller. . 


SUMMARY. 


Å method s টি for obtaining en approximation to the camber 


— distribution, blade twist and activity factor necessary to obtain an optimum 


| propeller for a given flight velocity. This procedure ie presented in detail 
La Appendix As The blade characteristics of a 6-blade , dual-rotating propeller 
.. have bee on seleated by the &bove procedure and the perf ormance of this propeller 
"at altitudes of sea level end 35,000 ft. has been predicted by application of 
Theodorsen's propeller. theory using International Business Machines to perform 


. the lengthy galoulations. These calculations indicate that the selected proe 


“feller, when operated at the military power rating of the M-40-4-16 engine, 
- should have an efficiency of approximately 66% at an a Altitude of 35,000 ft. and 
a Mach number of 0.90. A total static thrust (propellor + jet) of 20, 000 ibs, 


ከ68 teen predict ed for this اې شید‎ is of power limitations. the selon, ' 


Led propeller will operate at loading ess than optimum for Mach numbers 
- greater than 0.5 at sea level and Da Pe 35,000 ft. Hence, at Mach numbers above 


|. these: values the efficiency is quite. Sensitive to variations of power coefficient; 


å small inerease or decrease in power coefficient representing a relatively eres 
increase. or تا رن‎ respectively, in efficiency. 


INTRODUCTION 


this: memorandum ås the fourth in a series of &erodynamio studies 


` planned. to assist in the evaluation and seleotion of å propeller for the tactical 


version of the XFY-l airplane. Part I is a comparison of several existing 
methods for prediction of static and take-off thrust. Part II is concerned with 
the: prediction of static thrust for a large number of propellers. Part III is 

"a comparison of several methods for prediction of dual-rotation propeller 
efficiency. . This memorandum is concerned with the selection of tho best propeller 
“practicable for the XFY-l airplane and the prediction of its performance for a 

. range of Mach numbers from 0,5 to 0.9. 


i Üpon the completion of Part IIT of this series of studies it was 
apparent that the expenditure of man-hours required for hand calculations of 
propeller performance would be.prohibitive, Therefore, IBM methods of solution 
were devised to permit.a practical range of propeller calculations to be made, 
The power and thrust coefficients for a NACA 3-(3)(05)-03 dual rotating propeller 
"(reference 1) obtained by IBM solution are compared with those obtained by hand 
ealoulations in figure la and Ib, 


DISCUSSION 


For a given forward velocity, altitude, and shaft horsepower the pere 
formance of a propeller is a function of diameter, number ^f blades, RPM, blade 
width distribution, blade thiokness ratio distribution, blade twist distribution, 
eamber distribution and airfoil series used. Thus, to design an. optimum propeller 
it is necessary to select a combination of these propeller characteristics such 


that tho propeller absorbs the available power in such a mauner as to produce 
the maximum thrust. No procedure is available for the selection of unique 
values of all of these parameters such that the propeller obtained is the optie 
mum propeller for the given velocity, altitude and SHP,  Henco, it is necessary 
to select a combination of diameter, RPM number of blades, blade width distri» 
bution, and an airfoil series from a general knowledge of the effects of these 
parameters on propan performance and the known static thrust requirements. 

Tt is also necessary to select a blade thickness ratio distribution, For pros 
pellers designed to operate within the compressibility range, aerodynamic congie 
derati- favor very thin airfoil sections; hence, structural requirements will 


deber: he thickness atio distribution. For opti mum operation the thruste 
torque i o must be a maximum, 7ک‎ for & given propeller APM and forward 
velocity this requirement is closely 6 sroximated if the lift-drag ratio is a 


E 


maximum, lence, for an optimus dist bution of camber and blade biet it is 
'ecessary to select values of design 1 nt and operating lift Goof 
ding 


1 Jift-drag ratio, 


r 8 
ficient, respectively, corresponding to th 


dure is presented in detail in Appendix A for the case in 
.uce, shaft horsepower, diameter, number of blades and 
propeller RPM Known e lt should be noted that by a agetematic 
variation of di a aumber of blades and propeller RPM; design charts could 
be prepared to aid in the selection of these parameters in the same manner ag 
reference 2, Kee و‎ in the interest of economy the present study was not 
carried to this conclusion. 


which velo 


۱ An attempt was made to design a b-blade, dunl=rotating propeller of 

16 ft. diameter, to be used in conjunction with the XTĄC-1-16 engine (reference 3), 

such that the propeller would ብ at optimum efficiency at M ع‎ 0,90 at 35,000 

ft. and also be capable of de Er statie thrust of 20,000 1b. The 

propeller cha d bł ١ 2 the design procedure outlined in 

gives a total static thrust of‏ وو ور Å are shown in figure > This‏ اد 
lbs, but the available SHP is not sufficient to allow optimum operation‏ 0,900 

| high Mach numbers, No compromise can be made on the minimum value of static 

thrust; hence, for high Mach nunbers vith the available power er is no alterna» 

tive but to operate the propeller at loadings considerably less than optimum, 


፦ 


The performance of this propeller nas SSC coloulated by 0 for & range 
of Mach numbers from © +50 to 0,85 at sea level and 9,50 to 0.90 at 35,000 ft, 
Theodorsen's propeller theory as recommended in police 4 vas the basis of these 
taloulations except that a conpressibility correction was applied to the displace= 
ment volocity ratio, w, by limiting the sum of the airplane Mech nunber and tho 


in?low Mach number to a value of unity. The results of these calculations are 


shown às plots of propeller efficiency versus pover coefficient (figures 3 and 4) 
and power coefficient versus blade angle (figures 5 and 6). Figures 7 and 8 are 


plois of propeller efficiency versus Mach number for the case of the front and 
rear propeller operating at the same power coefficient, Figure 9 is a comparison 
of efficiencies for the cases of front and rear propellers operating at the same 
power coefficient and front and rear propellers operatins at the same blade angle. 


CONCLUSTONS 


1, With the available power from the ET40-A-16 engine and using a single speed 


Aero Memo سکس‎ 
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gear box it does not appear possible to design a propeller which will give a 
total static thrust (propeller + jet) of 20,000 lbs, and operate at 83 51 
loading at M = 0,9 and 35,000 ft. However, calculations indicate that the 
selected propeller (figure 2), when operated &t the military power rating of the 
XT,0-A-16 engine, should have an efficiency of approximately 66% at 35,000 ft. 
and M = 0,9 and an efficiency of approximiely 61% at sea level and M s 0,85, 

The predicted value of total static thrust (propeller + jet) for this propeller 
is 20,000 18۰ E | 


2, The decrease in efficiencies for operation with front and rear unit blade 
angles equal as compared to operation with front and rear power coefficients 
equal is small; not exceeding 0.6% at military power and 35,000 ft. or 1,5% at 
military power and sea level, 


San Diego, 


Face 3 


gear box it does not appear possible to design a propeller which will give å 
total static thrust (propeller + jet) of 20,000 lbs, and operate at an optimum 
loading at M = 0,9 and 35,000 ft. However, calculations indicate that the 


selected propeller (figure 2), when operated at the military power rating of tha 


XT40-A-16 engine, should have an efficiency of approximately 66% at 35,000 ft. 
and M = 0,9 and an efficiency of approcimtely 61% at sea level and M = 0,85, 
The predicted value of total static thrust (propeller + jet) for this propeller 
is 20,000 Ibs. | | 


2, The decrease in efficiencies for operation with front and rear unit blade 
angles equal as compared to operation with front and rear power coefficients 
equal is small; not exceeding 0.6% at military power and 35,000 ft. or 1.5% at 
military power and ses level, | | 


Aero Memo pel. 


Aero Meno 8৮8০0. 
Page A 


APPENDIX A 


Å PROGEDURE FOR THE DESIGN OF A SIX-BLADE, TRANSONIG, DUAL-ROTATING PROPELLER OF 
HIGH STATIC THRUST. | 


The aerodynamic design problem resolves into selection of tho several. 
propeller parameters such that the propeller will be capable of operation at 
optimum efficiency for a particular combination of engine power, Mach mmber, and - 
altitude and will also be capable of produeing the required statio thrust. Given 
«the engine SHP, ESHP, propeller RPM, static thrust and the desired Mach mmber, 
“altitude and power setting for optimum operation, the following procedure is a 
method for determining approximate values of propeller characteristics: 


1, From structurel consideration obtain an approximate spanwise thickness ratio 
` distribution (h/b). 


2. Galeulate the local Mach number (M,) for several spamrise stations along the. 
propeller blade coréesponding to the airplane Mach number (M,) at which 
optimum efficiency is desired, | 


3, Knowing M, and h/b at amy spanwise station; select from airfoil data such as . 

~. that appearing in reference 5, pp. 91-98, the value of design lift coefficient 
(Ce;) at each of several spanwise stations which gives a maximum value of the | 
lift-dreg ratio, (L/D)nax. > 


ん 。 Knowing Gy, at any spanwise station, determine the value of the integrated 
design lift coefficient. ۱ 


3 Knowing propeller RPM and integrated design lift coefficient select a combina» 
۱ tion of diameter and activity factor (A.F.) capable of meeting the statie 
thrust requirements (see reference 2). ۱ 


6. Select a blade width distribution such that the requirement of A.F, is satis- 

4, Knowing M, b/b and Og, for each spanwise station obtain the operating Du 
corresponding to (1/9) ቹቹ (reference 5). 

E Ca Calculate the value of solidity, の , and the value of advance ratio, de 


9, From plots of TC, versus J for constant values of displacement velocity 
ratio, ን , (reference 6) obtain مسا‎ ۱ 
6 


10, Knowing 27 and J obtain the true wind angle, f, from plots of f versus 3 
- for constant values of » (reference 6). 


ll, From plots of two-dimensional lift coefficient versus M. for constant values 
(|. of angle of attack (reference 5), determine the angle of attack, c . 


12. Calculate the blade angle at each station from the relation: 6 = Pec . 
It is noted that the blade angle distribution obtained may be incompatible 
with static thrust requirements, 


13. 


35 


Ze 


Że 


FART PYT 
ለይ ጋሬ 


sro Mamo A= 


Since the activity factor was arpitrarily chosen, the power required for 
optimum performance probably will not correspond to the SHP available. Hence, 
the solidity must be adjusted if optimum performance is to be obtained, This 
may be accomplished by application of the folloving equation at each spanvise 
station and adjusting q accordingly. 


(TC) 
(TE), = “ጮ ^ Ht, 


Where the subseript 1 refers to the propeller obtained and 2 refers to the 
propeller desired, 


Repeat steps $ through 12, The revised value of q” may not be compatible 
with minimum static thrust requirements in which case there is no optimum 
propeller for the desired altitude and Mach number because of power limitations, 
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Model 5 Arplans 
1 Bevenber 1952 


SUBJECT: Longitudinal Stability and Control € "097 of the Medel 5 Air= 
plane, Prototype Version, at Militar 


The longitudinal stability and control characteristics of the Model 5 
airplane have been determined for several pretotype configurations. The results 
indicate that the stability and control characteristics of the standard sirp! ane 
configuration are satisfactory up to a Mach number ef 0.90. Above this Mac 
number a "tuck-under" tendency and reduced control effectiveness exist, Tests 
show that both of these deficiencies are easily corrected by reducing the elevon 
trailing edge anglø. 


DISCUSSION 


The contents of this memorandum apply to the sirplane having the 
figuration and characteristics given in Figure 1 and Table I, respectively, and 
with the configuration changes given in Figure 2. The study has been based en 
high speed wind tunnel tests of a sting mounted 1/12 scale model with an internal 
balance, comprising 90 test hours during the period 11 March to 9 May, 1952. The 
tests were conducted at the Southern California Cooperative Wind Tunnel and are 
discussed in detail in Reference 1, The analysis has been made for an airplane 
gross weight of 13,500 1b. and with a center of gravity location of 0,3ፊ5 asa, 
typical prototype flight condition, The data of Reference 1 have been corrected 
for power and propeller blade angle according to the methods of Reference 2, 


The analysis of the longitudinal stability and control has been made 
for the following airplane configurations: 


1, Standard configuration with sharp trailing edge elevons (Figure 1), 

2. Standard configuration, less gun poda (Figure 2). 

Że ومس‎ EE modified to use blunt trailing edge elevons 
Figure Zła 


The trim lift curves of the three configurations are given in Figures 
3, 4 and 5. These figures also show the variation of trim lift coefficient with 
Mach number at constant elevon deflection for each configuration, The trim lift 
curves of the three configurations, when plotted together, as in Figure 6, indi- 
cate that there is no appreciable change in trim angle of attack due to the con 
figuration changes studied, 


The variation of trim elevon deflection with Mach number (speed stability 
curve) is given in Figure 7 for sea level and 35,000 ft. for the three configura- 
tions, The abrupt incréase in the elevon deflection required for trim of the 
standard configuration is an indication of a pronounced "tuck-under" tendency at 
speeds greater than M = 0,9. The improvement in the speed stability due to the 
addition of blunt trailing edge elevens is readily apparent at M = 0,93, and would 
justify the change in elevon configuration in order te Improve the high speed 
handling characteristics of the airplane. ` 


The maneuvering charasteristies for the three configurations are given 
in ua 8 for sea level, and Figure 9 for 35,000 ft. altitude. It is readily 
apparent from the figures that the three configurations have RODY the same 


control sensitivity at all Mach numbers up to and including M = 0,9, ይሄ M= 0,93, 
however, the superiority of the blunt trailing edge elevon as a longitudinal 
control device over the standard elevon is shown by the increased sensitivity of 
the blunt eleven configuration, Å preliminary estimate of the drag penalty to be 
expected with the blunt trailing edge elevon indicates a drag increase af approxi- 
mately 2 1/2 percent, based on the data of Reference 3. 
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3.) 
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GONCLUSIONS AND RECOMMENDATIONS 


The standard configuration with sharp trailing edge elevon shows a pronounced 
tendency toward "tuek-under" and a loss of longitudinal control effectiveness 
at speeds greater than M = 0.9. 


Removal of the gun pods reduces the tendency toward *tuck-under" slightly but 
dees not improve the control effectiveness. à 


Addition of blunt trailing edge elevons practically eliminates the tendeney 
toward "tuck-under" and greatly improves the longitudinal control effective~ 


. ness ab transonic speeds. 


It is recommended that blunt elevons, or the equivalent, be used for longi- 
tudinal control surface if flights at speeds greater than M = 0,9 are planned, 
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TABLE X 


MODEL 5 PHYSICAL CHARACTERISTICS 


Area (total te の ) 
Aspect Ratio 
Taper Ratle 
Sweepback, L. Be 
Sueepback, Te E, 
Airfoil Root 

Tip 
Wing Span (Theoretical) 


Elevons 


Area (Aft of Hinge Line) | 
Chord ( | and Aft of Hinge Line) 


Vertical Fins — 


Area (Total te の ) 
Aspect Ratio | 
Taper Ratio (Root to Theer. Tip) 
Sweepback, Le Be i 
Swespback, T. E. 
Airfoil Root 
Tip 


Rudders 


Area (Aft of Hinge Line) 
Chord ( L and Aft of Hinge Line) 
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SUBJECT: Normal Force Measurements te, Dual-Rotation Propeller 


SUMMARY 


Normal force measurements have been made on a thin, six-blade, dual- 
rotation propeller in both Lou and high-speed wind tunnel tests. The low-speed 


tests include a Reynolds number per foot range from 520,900 to 930,000 based on 


forward velocity and thrust coefficient (7c ) range from 0 to 3,5, The high- 
speed tests include a Mach number range from 0,50 to 0,93 at a thrust coefficient 
of zero, Test data show fair agreement with Ribner's normal force theory for 
propellers at low thrust coefficients, but poorer agreement at large thrust 
coefficients and Reynolds number. 


DISCUSS TON 
Propeller Characteristics - The test propeller blade characteristics 
are shåm in figure 1, 


feet. The tests were conducted as a port of a serios of thrust calibration 
tests on a propeller and body combination in the 5 x 12 foot CVAL wind tunnel, 
reference 1, The propeller blade angles at the 0.75 radius station were set at 
12,659 and 14,009 for the front and reor unita, respectively. lhe propeller 
normal force eoefficients were obtained by subtraeting 6 body normal force 
coefficient from the normal force of the propeller and body combination. Some 
typieal variations of the propeller normal force with angle of attack are shown 
in figure 2, The measured propeller normal force derivatives are compared with 
Bibner!s theory (reference 2) in figure 3. The agreement between the measured 
and the theoretical data is fair at low thrust coefficient. At the higber thrust 
coefficients the agreement is poor since the measured normal force data are gene 
erally considerably greater than 6 theoretical value for a rigid propeller, 
The primary reason for the higher measured side force derivatives at the high 
thrust coefficients is believed to be due to blade twisting. 

High-Speed Tests - The high-speed model propellers had a diameter of 
1.33 feet and were tested in tho Mach number range from 0,50 to 0,93 at zero 
thrust coefficient*, reference 3. he propeller normal force was obtained in the 
game manner as was done in the low-speed tests, Typical variation of the propeller 
normal force with anglé of attack at high subsonie Mach numbers is also shown in 
figure 2, The measured normal force coefficient versus Mach number is compared 
with Ribner!s theory in Figure 4. These data also show fair agreement with theory 
when allowance is made for blade twisting and the effect of Mach number on the 
blade Lift slope. 
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Aero Memo No. A=5 
Model 5 Airplane 
7 November 1952 


SÜBJEOT: Preliminary Analysis of the Second Series of Wind Tunnel Tests on 8 
0,15 Scale Model 5 Airplane in Transition from Normal Flight to 
Hover ing « ۱ 


SUMMARY 1 


Some of the handling characteristics of the Model 5 airplane in 
transition fron normal flight to hovering are presented. These characteristics 
have been estimated from data obtained from wind tunnel tests condueted in the 
WAL 8 x 12 foot low speed wind-tunnel. The transition tests consituted 
approximately 45% of the 444 hour test conducted at various periods between 
February and June, 1952. 


Analyses of these data indicate that constant altitude transitions 
from normal flight to hovering may easily be accomplished. However, the rate 
at which the airplane may be slowed down 1s limited by the control effectiveness 
availeble at the reduced thrust coefficients needed for the greater rates of 
deceleration. Aileron effectiveness is the most critical control problem since 
it limits the deceleration to loss than 5 feet per second“. 


INTRODUCTION 


An analysis of the transition flying qualities of the original Model 5 
configuration 8 given in reference 1 based on the test date of reference 2. 
This memorandum presents an analysis of the transition characteristics of the 
revised Model 5 configuration, figure 1, based on the test data of reference 3. 


DISCUSSION 


Description of Model and Test = The test airplane configuration ig 
shown in figure 1, The model propeller characteristics used for this test are 
presented in figure Że 


The model was mounted on a ghielded sting support in the (WAL 8 x 12 
foot wind tunnel, figure 3. Since the model installation shown in figure 3 8 
believed to have an appreciable effect on the test data due to the proximity of 
the support to the trailing edge of the wings å partial calibration vas made to 
determine these effects. These corrections have been applied to all transition 
data, The sting and model could be rotated up to an angle of 909 to the wind 
direction, 


Transition tests vere conducted at angles of attack between 6 and 
90% at various constant thrust settings. Tests were made at thrust coefficients 
( Té) ranging from 0.4 to 20,0. Large thrust coefficients were obtained by 
reducing the dynamic pressure of the tunnel and increasing the propeller thrust, 
The propeller blade engle on the model tested was set at 14,009 on the rear 
propeller and 12.659 on the front propeller, since it was found that this setting 
gave approximately zero torque at zoro airspeed, l 


Moments were taken with respect to a 4 location of 14% of the mean 
aerodynanic chord aft of the leading edge and at a vertical height of 4.7 inches 
(full scale) above the airplane zero water linee. 
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Blade angle effects and 6 flew effects are considered small in this 


flight range and have been neglected, 


rensition Velocity - The transition velocity, as defined in the 
reference 4 specification, is shown as a function of gross weight and center of 
gravity location in figure 4. (See definition of ነጸ on page 5.) 


itudinaj Characteristics = The permissible regions in uhich a cone 
Stant altitude transition may be performed are shown in figure 5. IL will be 
noted that there is & large range of conditions undor which the constant altitude 
transition may be accomplished, It will be noted also that in the deceleration 
region the elevon effectiveness limits the attainable angle-of-attack above 88 
knots, Below approximately 80 knots at high angles of attack a region exists in 
which an unstable positive pitching moment occurs, This region represents 
dangerous flight conditions and must be avoided (also see reference 5). For the 
slower rates of deceleration, angle of attack stability exists up to angles of 
attack of 600, A small region between approximately 50 and 80 knots is shown 
where the elevon effectiveness is insufficient to hold the nose up at the powers 
necessary to produce deceleration rates of the order of 5 to 10 feet per second". 


| ‘he manner in which the power and elevon setting must be varied with 
velocity and angle of attack in order to obtain various rates of deceleration 
throughout constant altitude transitions are plotted in figure 6. 


The center of gravity location determines the maximum deceleration 
obtainable in a constant altitude transition and consequently the time required 
to complete this maneuver. This effect is shown in figure 7. 


Directional Characteristics = The directional stability and control 


characteristics in constant altitude transitions are shown as a function of 
deceleration for several angles of attack in figure 8, "These data indicate that 
directional stability exists up to angles of attack of approximately 50°. Good 
rudder effectiveness 1s shown for the 0 and 10 feet per second^ deceleration 
rates; however, the rudder effectiveness becomes marginal for the 20 feet per 
second“ deceleration rate due to the small slipstream velocities corresponding 

to the reduced power conditions. The avparent larger rudder effectiveness shown 
at the higher angles of attack results from the high ratio of slipstream velocity 
to airplane velocity, and from the fact that the yawing moment coefficients have 
been based on airplane velocity only. 


‘The rudder deflections required to hold steady angles of yaw are plotted 
for various deceleration rates in figure Je 


Lateral Characteristigg = In general the airplane rolling moment data 
obtained in transit were erratic. The erratic nature of these data is presumed 
to be at least partly due to the effects of slipstream rotation on the effective 
angle of attack of the wing panels since during transitien the wing is at an 
effective angle of attack very near maximum lift, 


ve E hepa “جم‎ 


The lateral stability characteristics are shown for three deceleration 
rates and various angles of attack in figure 10. 


CONE 
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oh angle of attack and 
ronment. coefficient (ርሃ ) 
xl the forward velocity, 

g moment coefficient versus 

nay be caused by the effect of 


The yanta ron of rolling moment m ficient wi 
aileron deflection is shown in figure 11, The 0 a 
is based on å وی‎ velocity of the slip 
his figure indicates a large ve SE in x 
gle of attack at zero alleron 9 


slips tream rototion on the relat wing panels These tests were 
made at a constant blade angle 8 Reference indicates that variable 


blade angle differential is required to give rolling moment on a vertical 

take-off model at various angles of attaci D may be seen by using the corre at 

blade angle differential that adequate would be available throughe 

out the transition range. However, vi th a a fixed blade angle differentia: 

currently planned for the و‎ me propeller, the aileron control available to 

en wings level yould limit the airplane decelobation in trensition to less than 
› feet per second”, 


ĠA 


as ia 


e 


de 


The approximate rates of roll of the airplane 
shown in figure 126 


a slow transition are 


[m 
— 
~ 


CONCLUSIONS AND RE COME DAT TONS 


1, It is possible to make a constant altitude transition from normal flight at 
a رات د مون‎ knots to hovering at zero velocity and trim at any velocity or 
angle of attack during the. transition, The transition nav be made using a lace 
number of programs of elevon defleotion and power versus angle of attack or 
velocity. 


2, A dangerous region of uncontrollable positive pitch mom nt occurs if an attempt 
is made to complete the last half of d transition too rapidly (deceleration 

rates in excess of 15 feet per second’ 2), It is recommended that the jet I 
be tilted 309 down at tho exit and that in addition extenced chard elevons be 


studied as a possible means of eliminating this dangerous flight regione 


3. Nearly neutral directional stability exists throughout most of the transition 
range. The rudder و‎ UETAHdEE is good up to a deceleration rate of approximately 
15 feet per second. At this deceleration rate the rudder control becomes marginal 
and for greater deceleration rates tho effectiveness becomes unsatisfactory for 
directional control. 


ke The measurod ae سی سو ہت‎ were i. erratic, making the predie- 
ally difficult. However, ai 
eo determined“ that he lateral ability is > رھ‎ neutral in transition. 
Aileron control appears to be the tort spiticol transition characteristic since 

hi effects and aileron effectiveness Linit the transition deceleration rate 
to less than 10 feet per second”. It is recommended that the possibility of using 
extended chord elevons and blade angle differential trin be studied as a means of 
improving the critical lateral control in transitions 


Ded 


5, It is recommended that pilots be instructed to limit the longitudinal decelera- 
tion rate in transition to less than one-he.lî g in onion to have sufficient power 
to maintain good control, 


le 
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Rolling Moment Coefficient a Rolling Moment 
Ple د "وا‎ ۵ 


Rolling Moment Coeffid ent = Rolling Moment 
6/2 Ve” JO 
Yawing Moment Coefficient s Yaulog Moment 
Plz "ጋሪ 
Thrust Coefficient = Thrust 
Ae Me? 5 
Wing Area = 355 sq. ft. 


Wing Span = 25.7 ft. 

Resultant Velocity of the Slipstream and the Airplane. 
Forward Airplane Velocity 

Transition 00186 corresponding to an angle of attack of 0 
with pærer required for level flight at that angle of 


(Reference 4), 


lipstresm velocity = Thrust/propeller disc area. 


ta 


Horizontal rate of deceleration e ft/s TR 


Angle of attack. “he anglo between the flight path and thé airplane 
center line measured in the plane of symmetry. Positive displacement 


UP. 
Angle of yaw = angle between the airplane piene n symmetry and the 
flight path measured in the horizontal plane. sitive displacement 
to the right. 

elevon deflection used as elevators, down deflcotion positive. 


elevon deflection used as ailerons 


rudder deflections, left deflection positive. 
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
San Diego, California 


dere Memo No, À-5-36 


GA Model 5 Airplane 


22 September 1952 


- IFORMATI 
SUBJECT: Preliminary Analysis of Bimulated Lateral 
Airplane in a Twenty Knot Wind, 


andings of the XFY«l 


SUMMARY 


This memorandum presents the results of a preliminary investigation of 
the XPY-l lateral landing technique, A general lending technique is recommended 
based on the structural and physical landing requirements and on the airplane 
handling characteristics, An explanation is presented of the applientica of the 
Reeves Electronic Analog Computer (REAC) to the landing technique analysis, 


The studies show that the airplane can be flown to landinga that are 
structurally safe ond safe from tip over in lateral wind velocities up to 20 
106৪৩ The most satisfactory flight procedure evolved in this preliminary inves- 
tigation was to let the airplane settle with a slow vertical velocity at approxie 
mately the hovering trim angle, The airplane was then flared out just before e 
touchdown to obtain a small tilt angle, a small horizontal velocity, and a small 
angular velocity. However, regions of "no control" exist at lateral velocities ・ 
somewhat greater than 20 knots with the rate of sink greater than 10 fpa for 
certain airplane attitudes, Wind tunnel data and REAG analyses indicate that 
landings would be difficult and possibly dangerous if the pilot should place the 
airplane in these regions. Mans of extending the regions of good control and 
of providing pilot warnings are recommended for study in future analyser. 


INTRODUCTION 


The unconventional nature of the XFY-1 airplane gives rise to landing 
problems that are peculiar to this type of airplane. The basic concept of the 
landing procedure is for the airplane to go through a transition from horizontal 
flight to a hovering attitude at approximately constent altitude and then descer 
nearly vertically. This maneuver is possible because the airplane has a statio 
thrust greater than the weight of the airplane, The airplane can be controlled 
in landing by deflection of the rudder and elevon surfaces in the propeller slip- 
stream, The thrust on the airplane is controlled through the engine throttle. 
The airplane is supported on landing at four points on the tralling edges of the 
wing tips and tall tips. 


The rudder and elevon effectiveness deperd upon the velocity of the 
slipstream of the propeller and upon tho magnitude of the lateral velocity. The 
lateral velocity is here considered to be composed of the horizontal velocity på 
the airplane and the velocity of the provalling horizontal wind. These controls 
are also affected by the airplane tilt angle and the ajrplane descent velocity. 
The airplane lateral velocity and the airplane descent velocity are added سوه‎ 
torially to obtain the angle of sideslip of the airplane, The pilot has direct 
control over the thrust which gives a lateral force on the airplane, the magnitude 
of which depends on the airplane tilt angle. The magnitude of the thrust detere 
mines the slipstream velocity which affects the aerodynanie lateral forces and 
the moments on the airplane. The deflection of the rudder control surfaces pro- 
vides lateral forces and yawing moments on the airplane which also depend upon 


ie slipstream velocity, 


et 


itrol surface effectiveness, and 
upon the effect of both thr 
the control movementa to per 
tion, when the airplanes is in a 


The effect of 
the influence of the 1 3 
and surface controls makes the coordination of 
landing maneuvers relatively complex. In add i 
hovering trim condition it la not statieally stable, As the airplane trans dae - 
tional velocity increases, 57 6 at is decreased and 3 
reversed. This effect gives rise to long period dynamic oscillations which 
dynamically unstable. 
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The tilt angle required to hover in equilibrium at the larg 
wind velocities is e gront to al Low a vertical descent landing such 68 
formed hr helicopters 17 the vert! j 4 1 ba a tout 
second, However, IG is a 66 


lend ing when 
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occurs wi 
quanti te 


sase 3n men 


jenomenon resulting dou the hig 
This is caused by å large 7 1 
lanform is rotated slightly away from the p. 
neteble in this pos! ition since the cente 

he center of gravity, The rolling ma 
roll can become too large to counteract with the 
tho airplane would roll so that the wing is flat ag 
mentioned here because it limits the > mun latera: 

20 knobss ከ however, it is not discussed 
iscusi alo on of this phenomenon will be pr 
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impa ct velocity is restri Leter to smaller 
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FORMATIO 
In order to obtain ation on the airplane flying qualities 
hovering condition and on the ling conditions affe ng the airplane 
and stability on the ground, an electronic simulation of the lateral chara 
ties of the airplane was obtained. ል control technique ‘somewhat similar Ze 
free flight technique being used by the ĦAĠA van used, In the MAG 77 
however, only three degrees of fr tudinal and 0 trans lati 
yaw attitude, were s imulatod. 
instead of the "bang-bang" ፤ 1 he 
REAC technique enabled ' airplane t uh : 8 Lan" in untrimned conditions for 
NAGA free-flight equips B In this preliminary 7 
> flyability of the ai KE and 9 abili ty to change attitude for landing vers 
neldered most important, Although for most of the simulated landings a desired 
landing spot vas designated, special attention was not given to the accuracy with 
which this spot could be hit. In later analysis the spot landing technique wild 
be given more attention. 


at nos 


DISCUSSION 


nulstom Equipment = The plotting board and operator (pilot) controls 
used for the ( simula ted landi ings are shown in figure La 


The operator is supplied with two manually actuated controls, These 
controls are the throttle, set for one degree of throttle movement per 113 pouads 
change in thrust, to correspond to the actual engine controls, and the rulder 
control, set for 1 degree of control deflection por 1 degroe of rudder surface 
deflection, There is negligible lag in the operation of these controls, and the 
limiting control deflection speed is limited only by the operator's speed. 


The plotting board is provided with a crab aad inking pen. The coordinates 


on the pletting beard are altitude and horizonial distance, Tho operutor can tell 


his position and translational velocity and, to a slight extent, acceleration, 
from the movement of the crab and pen on this board, The pen records the movement 
of the conter of gravity of the rub ante. ል galvanometer is mounted on the arab, 
This palvanometer mesaures tho tilt ant gle of the airplane, The operator can tell 
his angular position with reference to the vertical and als ani al ar velocity 
and again, to a slight extent, angular acceleration, by 886 the galvananeter 


needle, The gains of the horizontal and vertical scales are set so that ib the 


operator can discern movemċnt easily cor pe to about n Toot tiċil 7 
ment in the real airplane ar horizontal movement, anouats 
about 1/8 inch vertical Ba heviz i tra ni of the arab, re 


tively. The galvanomete Be ^ دم‎ KS 3 ia. secos travel of the needle re 
£ ۴ پم‎ AL, 


sents 1 degree of sirp ian rotation. The time s scale for the simulation is se 0 
l second bo 1 “second . 


Tuo, six channel brush rocordere were "ies of 
? 8 1 
control positions, airplane positions and attitudes 


Simula tion 


£ the alrrdane tor the 
All motion 


A 
323 


The equations o? motio 
200 of figure 2, are given belo. 


lateral landing, using the non gi 
ane of the wings. list of symbols is y 


is assumed to take place in the 
Table Is 
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Po 
(b) herodyn amic Goefficientg. The aeredynamic coefficients are nona 
linear functions of d. و‎ À and % è. They may be represented closely, 
however, by the following equations: 
C, = 40975 بك‎ - 2#84. . se ፡፡ wow o (taj 


፪ 


C, = 2٥500 + 4, - 2/200. Pp - 904 + 22/8 .پل‎ ۰ 0 


Plots of the above equations are compared with wind-tunnel test data in figure 3. 
Ib may be seen that the analytical | approximatlon is good in the desired range of 
velocity ratios from A = 0 to 0,2, except at ول‎ = «30%, Since in the 
simulated flights the value of ቻይ seldom exceeded «209, the simulation of 
static force and moments is Ada dard good. No ground effect was included in 
the simulation because of the difficulty of representing the effect of the ground 
on the aerodynamic coefficients. This effect is quite small except at distances 


fr 
of the static and take-off thrusts by the methods of reference 3, 
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so close to the ground that the final maneuver of the airplane vould be only 
Slightly affected, so tho simulation is not expected. to suffer much from the 
omission of the ground effect. A gross weight of 12,000 pounds was used for 

the aerodynanic investigation of landing because the lower slipstream volocities 
give more critical aerodynamie control, 


(e) Aerodynamic. Damping. Aerodynamic yaw damping terms were not inclue 
ded in the du. of motion, This damping vas assumed at first to ie pe 
bat subsequent investigation showed that these terms may be appreciable, It 
believed that the omission of these terms made control of the airplane more د‎ 
cult than it would be in the actual case. The omission of yaw damping terus, 
however, has been partially compensated since artificial damping was used for 
most of the simulated landings, The results of this investigation would only be 
modified in that a lesser amount of artificial rate Sa, or possibly none at 
all, would be required in the actual airplane, 


Aerodynamie damping terms were included for the effect of the variation 
of thrust force along the propeller axis with the component of velocity along 
this axis, This damping is given by 


25 = "15 vong) 


where the value of «15 pounds per foot per second was obtained from calculations 


(5) Control Legg - There vere no significant lags in any of the REAG 
circuits for this simulation, In the actual case there may be some lag in the 
throttle control attributable to the time required to vary the fuel flew, 
Electronic equipment limitations prevented the simulation of this lag. Tre 
engine speed governor and pitch change mechanism are very fast and should not 
have any significant time lag. There should be no significant lags in the actual 
rudder control system, 


(e) Control Deflection and Speed — Limiters were provided in the 6 
simulation to limit rudder deflections to a maximum of + 30 degrees. No linit 
to the rate of rudder defleotion vas provided, however. In the actual control 
system the maximum rate of control deflection will be limited to approximately 
50 degrees per second by the capacity of the hydraulic pump. 


No limit on maximum thrust was required since full thrust was never 
needed during the simulated landings, 


(f) Artificial Demper, An artificial yaw damper was included in most 
of the runs according to the following equation: 


CARO EE 


This amount of rate damping was selected because it corresponded to the value used 


d 
| 
| 
i 
| 
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by the NAGA in the free flight tests of a 0,13 scale model of the XFY-1, This 
damping aided considerably in controlling the air plane Investigation of a 
lateral acceleration damping control 1 this damping vas also very 
effective in making the airplane easier to AD 


22 8: 


(s) Phygiological Effects. ል particularly significant inadequacy of 
the simulation is the lack of the operator's ability to "feel" accelerati 
In addition, the operator experiences no physiological or psychological ፻ 
such as would be present in the actual case, These limitations are, however 
also present in free flight model techniques; and these techniques have ne vere 
theless proved successful in obtaini iformatlon concerning the flying quali 


of airplanes (reference 4). 


(2) Circuit Diagram = The equations of motion including the effects 
discussed above were set up on the REAC according to the circuit diagram shown in 
figure Le 


WSULTS 


pera to parience Initial landing attempts vere made with one operator 
controlling the et and another operator controlling the rudder deflection. 
This procedure proved unsatisfactory because of the difficult decis nation problem, 
Attempts were then made with a single operator controlling both the throttle and 
the rudder, This technique was more successful, although beginning opera tars 
ordinarily were unable to control the airplane for any EU of ti As SECH 
ence increased, their control increased and after about 1/2 hour GC operatore 
could control the airplane well enough to make landi no EEN with more 
experience Geld maintain control for an indefinite period and could make more pre 
cise landings than the less experienced operators; because of the limited amount 
of time sr on the REAG equipment the results presented here include all 
landings, ieee, not only those by the experienced operators, but also thee obtained 
during the learning periods, 


Flight Technique. The most successful REKA which was evolved during 
these preliminary runs consisted of a steady, slow, trim hovering descent with a 
slight flareout at the touchdoun, This flareout was attempted to bring the airplane 
tilt angle to zero while keeping the horizontal velocity as small as possible, 
Landing attempts in which the plane was flown in horizontally proved more difficult. 
The horizontal translation was usually accomplished in smell spurts so that the 
operator found himself acc compl ishing the final maneuver from a hovering position 
nearly above the landing point no matter how far away he started borizontally. 


The vertical velocity vas easy to cont rol; however, it was found that i 
coordination of the throttle control with changes in horizontal velocity wos dii 
cult. Usually the throttle would be set te provide a value of thrust betwe 


and 98% of tho airplane weight and as the vertical deacent velocity increased the 
thrust was increased very slightly until decreased for the touchdown or inereased 
very much for a wave off, It was possible to make several attempts to land without 
ed attention, It was found 


touching down although the control required concentra 
difficult to maneuver very long close to the ground without inadvertently attain: 
large tilt angles and horizontal velocities. It vas necessary to manipulate the 
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rudder almost constantly in orde keep control of the airplane. Ina few 
cases the operators entered the region of no control and lost control of the 
airplane. This occurred by the operator allowing the sideslip angle f. (figa 
to become too large by either rotating the airplane to nearly vertical, by 
ing too great a rate of descent, or by the combination of both, 


| aw Damper. The landing data indicate that successful 
lateral la imulator, as determined by the structural and overturn 
limits of figure 5, can be performed about 2 times out of 10 attempts with experi- 
ence accumulated to date, Generally, the airplane was rotating in the seme diree- 
tion as it was tilted at touchdown. This indicates a leg in the pilot's reaction 
to the tilting of the airplane st touchdoun, 


The data presented in figure 5 show that most of the landings were 
clustered around either zero tilt attitude or around the hovering trim angle and 
that it was relatively easy to alight with a small rate of descent, Angular 
velocities averaged about 10 degrees per second at touchdown. Horizontal veloci= 
ties averaged about 10 feet per second at touchdown. Vertical velocities averaged 
about 4 feet per second at touchdown and tilt angles averaged about 10 degrees at 
touchdown, Horizontal and angular velocities vere more difficult to control than 
the other landing variables, 


Throe typical landing paths are presented in figure 6, The thrust and 
rudder control time histories for these three paths are presented in figure 7. 
It may be observed that landings may be made with very little manipulation of the 
throttle, but that a continuous application of rudder control is required, 


Several landings were made with the amount of artificial rate damping 
increased by 50$. The increaseddamping made control during landing easier, but 
hindered the rapid flareout desired for touchdown, 


204.7258 vità increased rudder effectiveness. Several landings wore made 
with the rudder effectiveness increased 50%, The standard yaw damper gain of 2,6 


vas used for these landings; consequently, an effective increase in damping vas als 
present. The increased rudder effectiveness had a marked effect on the ease vith 
which the airplane could be controlled. ለ11 operators considered this to be the 
easiest configuration to fly and were able to make good landings more consistently 
with the increased rudder effectiveness. 


Landings Without ' Damper = A few simulated landings were ettenpted 
without the yaw damper. Nearly all of these landings were unsuccessful, because the 
operator lost control before reaching the ground, These results, however, are 
believed to be pessinistic sinca no natural damping vas simulated. This belief is 
partly substentiated by the fact that the NACA has been able to control the 3 
scale free-flight model satisfactorily in hovering without artificial damping 
(reference 4), 


Pilot Visibility = The XFY-1 mock-up was used to determine the limiting 
angles of the pilot!s vision which could be expected in this typa of landing. Full 
pilot equipment ineluding parachute, mae wost, raft, gesuit, earphones, oxygen 
mask, crash helmet and goggles wore simulated, The safety belt and shoulder straps 
were used. The pilot seat was adjusted for best visibility and comfort. Visibility 
patterns were marked with the pilot's seat in the normal position and roteted 450 


1 
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forward. The forward rotation position afforded tho greater visibility, 36 
marking angles the pilot vas not i Lied to سو‎ any portion of bis body or 
equipment to project into the slipstream blast area. 


It was found that the standard pilot's goggles restricted his poriph- 
eral vision to too great an extent so that a different type of goggles would be 
required, With different goggles it was determined that the included angle of 
vision measured from a perpendicular to the airplane centerline vas 60 in the 
rear quadrent. This angle is shown in figure 6. 


The pilot's limiting an p 
path plots of figure b: From these plots lt has beat deter mined ' that 
ing signal officer should be positioned approximately 25 feet from the ı des! 
landing spot for land: approaches from an altitude of 70 feet above the deck 


5 
Por lower altitudes the landing officer could be positioned closer to the landing 
BTOB. 
Ar plane G in Windg = While figure 5 is used as the 


criteria for good landi nga, caleulat ions based upon the assumption that the air- 
planes lover oleo is fixed upon touching the ground indicate that when the è 
plane is rotating in the direction of the wind when tilted in the same direction, 
the permissible touchdown. tip over angle may be considerably less than the static 
tip over angle, Estimates of the tip over angle for no airplane ang 
translational velocities have been made for a sidewind of 20 knot: 
of 12,000 pounds, These estimates, presented in figure 3, show that in a 20 knot 
vind the airplane resting in tho normal four poiut d on the ground will 
tip over at a thrust to weight ratio greater than about 0,85, Galeulations to 
determine good landings, taking into account the effect of the oleo acti on, 
braking, and lateral and vertical notion have not been made because of the oxton- 
sive labor required. However, it can be anticipated from those preliminary 
regulta that the tipping motion of this airplane may be considerably more critical 
than indicated by the static tip over angles and that some form of deck arresting 
gear will be required, 


SC o, Weight 


CONCLUSIONS & [ONS 

1, The 377-1 airplane has dynamic characteristics that make ya hovering landings 
in a 20 knot lateral vind practicable, although difficult with the existing amount 
of controllability. Damping is very important in determining the flyabllity of 
the XFY-1 airplane in the hovering attitude. Aerodynamic rate damping and artie 
ficial rate damping (40, = #4 ) of the angular velocity will both be effective in 
siding the vilot to land the XFY-1 airplane. 35 is possible that too much rate 
damping will hinder the rapid flareout desired in the present landing technique, 
Translational damping should also have a significant beneficial effect on the alr- 
plane controllability. 


8 


2, The best landing technique for yaw landings in a 20 knot lateral wind is a 
nearly vertical descent at the trim hovering tilt angle, with a flareout to zero 
tilt angle just before touchdown, Landings should be performed with very little 
thrust variation. Based on the simulator operator experience to date IL appear 
better not to attempt to "jockey" the airplane close to the ground in order to 
obtain a good landing attitude. 
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control, while the, hor 


3. The airplane vertical vel 
rol, particularly during ' 


| and the angular velocity are mc 
flareout ab touchdown, 
4. Increased rudder effectiveness was found to be the most effective HOARE 
increasing the pilot's ability to control the airplane, 


5. The region in which good ateral winds is availa 
5 y of the airplane di 
landings. The region of "no control" as 
1 4 
4. ኦዲ 


lateral winde more difficult and 


| 6, The possibility of tipover and long lending run due to horizontal velocitieg 
Jar velocities of the order of 20 
provision end wheel brakes essential 


ad 


of the order of 20 feet per second and ang 
degrees per second makes a lending arresting 
for the tactical version of the XFY-1 airplane, Wheel brakes will be rodu 
for the prototype vorsion unless large landing areas of the order of 200 feet 
200 feet are available. To avoid tip over it is also desirable to reduce the 
thrust as rapidly as possible after touchdown, 


4 


LI 


7. Good landings may be easter to make in lateral winds with a higher sirplene 
weight than with a lover airplane weight. In addition, high vertical descent 


‘velocities are beneficial in preventing tip over at touchdown, 


8, Additional studies of the landing technique of the XFT-1 airplane should 
Includes 


a) The tip over and structural requirements at landing should bs inves= 
tigated more thoroughly. 

b) The region of no control should be inve stigated with the viewpoint 
of reducing the extent of the region, 

c) The effects of higher sidewind 5, autopilots and variable control 
parameters should be investigated. | 

d) Spot landings should be investigated, 
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Model 5 Airplane 
28 August 1952 


SUBJECT: Analysis of Blockage Corrections at High Angles of Attack for Low 
Speed WindTunnel Tests of the Convair XFL-1 Airplane. 


SUMMARY 


A dynamic pressure calib ation of the CVAL 8 x 12 foot vind tunnel 
test section with the 0,15 scale model of the XFY-1 airplane mounted in the test 
position at various angles of attack up to 909 vas made on 1 March 1952, This 
ealibration constituted an $ hour portion of the 444 hour test program conducted 
on the Convair XFY-1 airplane, It was found that for a constant reference 
dynamic pressure setting measured on the tunnel static pressure rings, the dynamic 
pressure in the plane of the model increased as much as 40% at the very high 
angles of attack over the value at zero angle of attack, 


ENTRODUCT TON 


In previous wind-tunnel tests on the ፳፻ቺ=ዚ airplane et 7 high angles 
of attack reported in reference 1, it was found that the standard wind-tunnel 
blockage corrections were inadequate at the very high angles of attack. Therefore, 
it vas considered necessary to make a calibration of the true dynanle pressure 
around the model at these high angles of attack before conducting additional tests 
at high angles of attack, This memorandum reports the results of this eslibration. 


DISCUSSION 


Description of Test - A 0.15 scale model of the XFY-l airplane shown 
in figure 1 was mounted in the OVAL 8 x 12 foot wind tunnel on a single shielded 
strut, shown at an angle of attack of 90 degress in the test section in figure 2. 
The CVAG standard pitot=stätie tube was placed at various positions, indicated in 
figure 2, around the model in a plane that 8 perpendicular to the tunnel walls 
and which passed through the center of rotation of the model, The model wes rota- 
ted to angles of attack of 0, 30, 60 and 90 degrees to the sir stream under several 
reference dynamie pressure conditions, Check points were also taken vith the model. 
yawod, In the following discussion and figures the term reference dynamic pret 
sure" ( Gm)" is the indicated dynanie pressure measured by the wind tunnel dynamie 
pressure balance by means of two static rings which are located at the entrance to 
the contraction cone and the test section (figure 3), The term "true dymanle 
pressure (q)! is the pressure measured in the test section by the pitot-statie 
tube e 


In the final analysis, the blocking area of the model at each angle of 
attack was assumed to follow the following relation 


ለክ = Ap + (Ap ~ Ag) cina 
where An = blocking area of the model 


Ap = frontal area of the model. 
Ap = planform area of the model 


San Di 
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Analysis - Data were ken at various positions in the tunnel in order 
to establish the effect of the model and the tunnel walls on the data obtained, 
These effects are shown in figures 4 and 5 for the model pitch positions of zero 
and 90 degrees angles of attack, respectively, These figures show the variation 
of the true dynamic pressure in inches of fluid (alcohol sp. gro +789) measured 
across the tunnel section at various reference dynamic pressures, Figure Å shows 
negligible variation of the true dynamic pressure across the tunnel with the model 
at zero angle of attack, Figure 5 shows slightly more variation since the model 
had been rotated nearer to one of the pitot tube positions. Positions A and D, 
which were only one foot away from the walls, show a slightly lover pressure than 
points B and F, ‘the pressure at point 0 which was relatively close to the model 
showed to te slightly affected by the model, Since it appears that points B and 

F were not affected by either the wall or the model, the dynamic pressure at this 
point vas chosen to be the most representative in the test section, 


The variation of the true dynamie pressure in inches of fluid at points 
B and F with angle of attack at various reference dynamic pressures in pounds per 
square foot is shown in figure 6, This shows an increase in the true dynamic 
pressure between 30 and 40% by pitching the model from zero to 90 degrees, This 


“increase in dynamic pressure is due to the increase in effective blocking. 


The blocking effect of the model on the true dynamic pressure is indie 
cated in figure 7, This figure shows the ratio of the true dynamic pressure to 
the reference dynamic pressure la the test section of the wind tunnel versus the 
ratio of blocking area of the model at each angle of attack and yaw to the total 
cross sectional area of も he wind tunnel, This figure also shows data taken from a 
calibration made in the OVAL 8 x 12 foot windetunnel in September 1952. In this 
test several flat plate disks and triangles vere tested perpendicular to the aire 
stream, Also a flat plate the shape of the 0,15 scale Model 5 was used. These 
data from the CVAL tunnel are compared with data of reference 2 and the actual 
calibration with the XFY-1 model in the CVAL wind tunnel in figure 7, 


REFERENCES 
Preliminary Analysis of the First Series of 0,15 Scale Model Hovering Wind 


Tunnel Tests on the Model 5 Airplane, CVAO Aero Memo A-5-25, dated 11 January 
1952, 


ኑ 
è 


26 Wind Tunnel Tests on a Series of Wing Models Through a Large Angle of Attack 
Range Part I - Force Tests - Montgomery Knight and Carl J. Wenzinger dated 


July 1928. 
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SUBJTET $ tributioa ground the 


$ propeller EN has 
been determined fron the statie 1 55 during li hours of testa 
on the 0.15 scale Model 5 air ane dm : n * low speed wird tunnel, 
The results are presented ET of bio ef 1 gal velocity to fres stre 
velosity, versus radial dim x aco al various statione 
along the spinner. 


The velocity dis 


INTRODUCTION 


The GIAL vindetann 54. teste wich watan thi 5 smorandum is —" 
were conducted at the reguest ion for the purposo 
af obtaining information to be used im the saa of the i > inb. card sections of 
prepellers for the Hael 5 airplane, 


DISCUSSION 


. ል 0.35 sento model of the Model $ airplane, in the propelier-off 
configuration, was tested in the GĦAL 8º x 12? wind tunnel, ALI testa were run 
at a tunnel velocity of 22445 ft/set with both the anglo of paw and the angle 
of attack equal to Spe, Detalle of the stetie pressure rako are shown ia 
figure 1 and the various lecatione of the reke are shown in figure 2, Sines 
the model spinner differs slightly from the currently designed inner for the 
prototype airplane, the lines of these apin hers are superimposed in figure 34 


y 


1 „The results of these tests aro shown as plots of the ratio of local 
velocity to free stream velocity (w/U) vs. equivalent full-scale radial distance 
fron the spinner surface, figure 2. These plots indicate thet the presence of 
the cenopy causos a region of high positive static pressure in front of the 
pg = © = «1809), whioh extends slightly forward of the plane of rotation ef 

e front propellers. Since there was no flow through tha model ducts the res 
sults obtained in the radiel plane ይ = ARP are believed to contain en appresishls 
errar and ero not presented. However, 3 も 3ይ eatt d that the Local velocity in 
this radial plans two inches frou the Spinner g , and in the plene of rots 
tion cf the front propeller, will be 2% to په‎ ሯ > then the fres stream volcoity. 
It should bs noted that all teste vers mać = tback equal to coro; 
hence, for ا‎ angles of sttack the で ity ር ferontiai between the radis 


planes. É = 0» nnd B = 331۰7 should 55 in figure 2, 
Since the valocity ratio (vl) mast b unity with insressing - 
distance frem i e sus pregi cho stat ۱ a obtained from the thres 


m the spinnor are apparently 
r, an imporfoctica of the 
ed in feiring the curves la 


pressure: orificos 
As The exact reason for Kä 
orifices is suspocted end th 
figure 20۵ 
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the plane of rotation wonsller and 
radiel distances 2 to 3 
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106 8 مسا‎ 
changes of the cosi pirat 
fluence of such changes ob the most ol ranted stis pesto nep data, 
derivatives have been determina new perfornence values within small 
changes can easily be calquleted. | lerivativen presented in this menorendum 
ened with the follering m x 


Variation oft Zeg 


Bighi መሸ i 
Propeller Efficiency and a 
lüninmus Parasite Drag 


Effect ons از‎ Srese velocity at 35,000 ft. altitude 
Lojtor tine at 35,000 ft. altitude 
Time to 613485 to 35,000 ft. altitude 
د را‎ Take-off acceleration 


The resulta should not be used to estimate the effecta ef complex 
aerodynamic changes or of large changes in any of the parameters. 


DISCUSSION 


In Table I a summary of derivatives de presented. The caleulation af 
| these values is based on the data contained in reference 3. 


Tho performance characteristic of the XFY«l tactical airplane 38 
reference 1 has been calculated for the configuration of the airplane valid at the 
time of the calculation. The configuration may সু و‎ alight. changes during the 
process of its completion end corresponding changes of the performance data of 
reference 1 would result. > 


às the — importanti independent variables of the airplane, the alrplans 
۱ grose. weight, fuel weight, parasite arees engine gwer end propeller effisieney 
| » been considered. In each cago only ono of these terme has been varied while 
the others are considered to romain constent. In Table 55 to the data aflected by 
‘of the mission is noted which refers. ta the corresponding 
of reference i. The data of も phases in reference 1 are the basie data 
to which the derivatives apply. Per the caleulation of the derivatives it has n 
asauned. that SH? small rent: ions will bs applied も っ the independent airplane. 
à acterietice affected very linearly, The” 
the Linearity can be wade ere noted in 
derivatives bas been made mainly by Fe ating 
| These new values heve beon obtained tę 
2 E 
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eumption in the different 1 
the excoss fuel available : 


mlergħien have in reality 
f the flight path at % = 0, 
: ww required a relatively great 
tons from references 2 and 3 led ta 
ary from the following reasons? 


The derivatives 1 


The ان همی نو‎ : 
number of flight path os 
the conslusion that this 


a) The effect — of airola 
is the greates t ab ta 9。 ۱ 


Ber values of rat teg of pusheover gr greater then 10 degrees per شه ووو‎ 
the variation of the nininumn acceleration with airplane parameters 
dose not differ notiesabiy from the variation of the Initial accelera- 
tion (も = 0) with edrpiane parameters, 


UP 
ፍቃ 


6) Fer values of rates of push-sver am Lies than 10 degrees per second 
the application of the derivatives doteruined in the above munner ` 
Ze ቁቁ88381465 with regard te > minimum requirement of 5 ft. 7866. 


rformance cherasteristies of the تس‎ Airplane with a Stngle-Spood 
0 Ropert é é ACE 005, A dune 1952, 


2, Calculations fer the Optima Vertical Takeo? Flight Path and Transition te 
(© Climbing Speed for the سا‎ färplane, OVAL Report 225-003, 6 ی‎ 1951 
(unpublished). 
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Aero Mamo A531 
17 July 1952 


Subject: Estimated Terminal Velocity for the تس‎ Prototype Airplane. 


RY 


Calculations have bean made in order to determine the maximum Mach number. 
that may be obtained in flight testa of the Model 5 prototype airplene, It has been 
determined that there are no engine or propeller performance limitations which would 
prevent flight test demonstretion of the airplane to a Mach number of 0.96 as required 
by the demonstration specifications. In fact, Mach numbers هه‎ high as 1.02 may be 
reached in some dive conditions. 


5 DISCUSSION ` 
The calculations are based on the same equations and step-by-step procedure as 
derived . in reference 1 for the determination of the terminal velocity of the tactical 
Model 5 airplane. The drag dete for the airplane have been taken from reference 2. 
The propeller efficiencies have been obtained from reference 3 and the engine data from 
reference 4. The propeller efficiencies of reference 3 have been extrapolated linearly 
to the highest Mach number reached. 


in order to estimate the maximum obtainable Mach number which may be reached in 
flight tests, the following two Gives have been investigated: 


(1) Dive from the airplane ceiling of 42,000 feet initiated dt the maximum 
| level flight velocity of 370 knots with a l.5g push-over and military 
power. 


(2) Dive from 35,000 ft. altitude initieted at the maximum level flight velocity 
of 444 knots with 1.582 push-over and military power o | 


In both cases dive recovery was stated at an altitude of 10,000 feet with a 6g pullout. 
The results are plotted in figure 1. In the dive from an altitude of 42,000 feet a 
maximum Mach number of 1.02 is resched at an altitude of 27,500 fest. In the dive from 
35,000 feet altitude a maximm Mech number of 0.98 is reached at an altitude of 22,000 
feet. Even though the prototype propeller produces negative thrusts over a substential 
portion of the dive paths, this effect reduces the maximum Mach number only slightly 
when compared to the estimates made for the tactical airplane in reference 1. 


Paragraph 4.3119 of reference 5 requires thet the prototype airplane be demon» 
strated to a Mach number of at least 0.96 if not otherwise limited by engine or pro- 
peller performance. This analysis indicates that this Mach number may be easily ex 
cesded in dives. 
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e In general it ean be stated, 
usb over end therefore the most 
st rate of pushover. However, 

5 rete of push ever on the tete 
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e por Sg 


i ums éa the minimum acesleration of the airplane is plotted ag a 

2৮০০০ « of the ‘airplanes weight for different rates of push over. The requirement 

of a minimum take off accoleration of 5 ft deeg cen be acsomplished with a take 

eff weight ef 14,660 35. fer a rato of push over of 4,75 deg par second absoluts. 
The maxiram permissible airplane weight would decrease with decreasing rates of 

- push Os . This is sham in figure Gb, where the 7:: permiselb e airplane ` 

SE å m acesleration of 5 ft/sea roguired ie plotted es a function 

6ድ the. rate of push. over. The maximim permissible airplane weight | da not influenced. 

appresiebly from absolute values of the rate of push over greater than 10 degree par 

. second, For. smaller valves of dy at, the و‎ permissible airplane weight 
desreases rapidly and must reach zero at dt = (vertical ascent) since in this 
case the aaceleration drops continuously from 7 initial value to sero. En os 

to fulfill the miniunm acceleretion requirement, of 5 ft/s for wé airplane tales» 
off weight of 14,250 Abe, the value of push aver should not be smeller p than about 

: و و — 3 


CONCLUSIONS 


oce na the foregoing studies it cen 55 686393 Jed و‎ that the most offestivo 
take off SE ig ee insa by the fastest. possible. rate at push overs 


a „the take-off flight path the مشاہ تیا‎ may. not besar , 
ee”, the fe ing conditions exiebs 
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SUBJECT و‎ 


Yew Characteristics in Hovering 
5 Saale Modal Wind-Tunnel Teste 


ይር of the handling chereoteristics of the Medel 5 Airplane in hovering 

flight have been estimated from data obtained fron the second series of 9.15 scale 
powered model wimi-tunnel tests. The hovering vind~tumel teste constituted 
approximately 35% of a 444 hour test «conducted at various periods between February 
end June, 1952, ۱ 
۱ preliminary analysis of the hovering test data on the revised airplane 

내 indicates that adequate elevator end rudder sontrol effectivenass far 
trim now exists for hovering at any height above the ground in trensletionel velosi- 
ties up te or greater than 35 mois. Mequete alleron control effectiveness for trim 
now existe at any height above the ground in lateral translational velocities up to 
20 knots. However, approximately one degree of piteh tilt is required to maintain 
teimsd flight for. every ono knot of forward veleclty. Tnaressing push forces and 
forward stick motions are required to increase tho forward velocity in hovering 
translation up to wlecities of approximately 20 knots. Beyond 20 knots decreasing 
push stick forces and forward stick position are required bo maintein trim. A all 
ragion mssociated with small tilt attitudes and high forward tranalabional velositios 
exists in waich control of the airplane cannot be maintained, This region of wie 
trimmed flight le of practical importenes in making landings in forward winds, 
Reecamendations for eliminating this ragion in the practical flight range of ‘the sire 
plane sra unda. 


Mariy neutral rudder ie required to trim in all lateral velocities fects 
"T to 35 knots. Consequentiy, trim rudder pedal forces are negligible. Approximately 
2/3. degree of yew tilt are required to trim each imot of lateral velocity. ል small 
region in which control of the eirplane cannot be maintained in yew also existe at 
high lateral translational velocities ami low angles of tilt. This region lies beyond 
the practical flight range of the airplane, and therefore no وو ون‎ action is ream 


^ mended at this timo, 


Random trim fluctuations ameunting to several degrees of control deflection 
which exist in all hovering conditions but decrease with increasing trangletionel 
velocity and airplane tilt ara believed to ba ab least portly attributable to 
secondary flous around the test seotion of the wind tunnel and may not exist on the 
full soulo ~ 


This is the second of a seriet of memoranda یی‎ to analyzs and dósecibe 
dne characteristics of the Madaj 5 airplane based on vindtunnel føres 
j i nts and associated tests, In the first analysis, refere based ew 
tert date of reference 2 it vas found thet the control effectivenses in pitch, 
specially proin muffieżent & to meet the airplane وم‎ requirements 
fw trim, reference 3. I order to ይመ the control effectiveness, the thrust ` 
exis was Tote bed dom 0.5 degree and the average distanse from the ته‎ even trailing 
s increased by suseping the trailing edge of the ving 2.25 
ng the à length of the landing struts 5 inches. 


ቱ lysis of the have ing 
2 cw EE in this 


ŻAR EE 


duc ri 
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series of low-speed vind-tunnel tests, reference 4. Additional analyses of these 
test data are planned to study the roll characteristics and to study detailed 
lending techniques. | ۱ - ۱ ik : 


: . During this second series of tests it was proven that the wind-tunnel . 
bleckage correction based on model cross sectional area vas incorrect st the higher 
angles of attsek 6285336056) in the hovering end transition tests. This result was 
predicted in reference 1, but the required wind-tunnel calibration could not be 
made until the second series of tests commenced, 1 tion hes set 


CVAL 8 x 12 foot wind tunnel. The sting and model could be rotated up to an angle 
of 90° to the wind direction. Hovering tests were conducted at angles of attack . 


a Simulation of Translational Velocities ~ Zero translational velocity was 
simulated with zero wind-tunnel velocity. Tunnel doors and the tunnel roof were. 
opened during zero transletional velocity tests in order to release the slipstream : 
of the propeller from the test section. Translational, velocities vere simulated by ` 
making the ratio of the translational velocity tó the velocity | în the slipstream 
proportional to the full-scale ratio of these velocities, where the velocity of the 


&lipstream was taken ass 


LET 
k, Hr 


and Vg, is defined as the theoretical value of the slipstream velocity at infinity 
(no ground plene present) obtained from momentum considerations for en actuating - 
dise. The wind-tunnel data were obtained in terms of coefficiente, based on the 
theoretical dynamic pressure of ihe slipstream et infinity, f = AP, Jro? Z 
and the ratio of translational velocity to the theoretical sl pe bream Velocity, 

7 يوا‎ o Figure 3 shows the system of airplane axis used. This axis 
system has been selected to agree with nomenclature adopted during the first series 
of teste, reference 2, and by the NACA, reference 5. Attempts vere made to control 
the wind-tunnel dynamic pressures to values of 1, 2, 3, 4 and $ pounds per square " 
foot by use of a small-mesh (one-half inch) net at the exit of the test section. 

At high angles of attack the lowest dynamic pressure could not be obtained due to 
the resireulatien of the model slipstream through the test section. 


E T tl È 9 
BW SPY FB 8 ےی دوا‎ E ዉሃ #2 EB AS AFR VÆR DI 
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Accuracy of Data - The accuracy of the measured forces ars believed to be 
consistent with normal wind-tunnel measurements. Under some conditions, however, 
low tunnel velocities could not be stabilized due to recirculation of the model 
slipstream around the tunnel (no net) or recireulation of the slipstream around the 
test section (with net). Either of these types of recirculation could produce a 
flow field which would not exist in free air. For this reason, it is recommended 
that where possible future hovering teste conducted should be made in a larger test 
section or in an open throat tunnel. ۱ 


In this preliminary analysis ho corrections vere made for duct flow. 
Wind-tunnel blockage corrections have been made based on a dynamic pressure calibra- 
tion with the model é at various angles of attack and at various oka: pressure sete 


E. f Analysis = The control deflections ۳ trim attitudes of the sir- 
plete. es & function of the translational velocity were determined by sisultaneous 
solution of the tuo airplane forces equations and the airplane moment equation. The 
value of the elevon amd rudder deflection required for trim vere first determined 
as a function of the velocity ratio ( 2 ) and the airplane attitude from the moment 
data of reference 4. Values of the airplane trim attitude were obtained from the 
following equations which result from horizontal equilibrium considerations in tuo 
dimensionas ㆍ 


tan © = TT E 
£ Dëse? 
tan Y Le Cy 


あみ 


where. Ag * propeller thrust end the other symbols are defined 1n figüre 3. The 

| total thrust ` 

values of # Were computed by the method of reference 6 using the power dete of 
references 7 and 8, These values are plotted in figure 4. Based of the results 
shown in this figure, an average value #2 s 0:94 has been used in thie analysis. 


Values of the theoretical slipstream velocity vere computed from the reles 


= f B. 5 Le, “ቃቻ Bueno ei 


which ER equilibrium considerations along the airplane x axis. 


tion 


Longitud ing Characteristica = The effect of the EICH design 
revisions on the longitudinal Site, effectiveness in the proximity of the ground is 
shown in figure 5. It may be noted that tho airplane revisions increased the control 
effectiveness at a height of 2 feet by 26% and appear to be considerably superior to 
„either the original straight trailing edge delta wing configuration or the convene 
tional straight wing configuration for all positions above the ground. 


The stick forces, trim eleven deflections and the airplane pitch angles 
versus airplane forward velocity are shown in figure 6. The results are plotted as 
bands to show the magnitude of the measured random forces. These random forces which 
were previously observed (references 1 and 5) are being investigated in the statis 
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hovering tests now in progress. The magnitude of the random trim changes is equiva- 
lent to approximately 2 degrees of 636908 : at gero forverd velocity and dimini 
to nearly sero et a forward velocity of 30 knots. | ۱ 


The ability of the revised a; irplen je to mest the longitudinal stability 
and control design requirements esteblí E for hovering conditions, reference 3, 
can be evaluated fron this figure end fron related free-f1 ight tests, referencos 9 
and 10, made by the NACA. Reference 3 eg uires that adequate pitch control sffec- 
tiveness exist in winds up to 35 knots while hovering at a distance of two fest 
above the ground. Figure 5 shows that this requirement is more than satisf 46 3 
throughout the velocity range. 


With the eleven stick force trimmed to zero in hovering flight (zero 
velocity), push forces are required to increase the velocity up to approximately 18 
knots. Beyond this velocity and throughout a portion of the transition range an 
unstable variation of stick force end eleron deflection are required for trim. 
This unstable variation, however, is not considered illogical. The NACA has infor- 
mally reported that angle-of-attack stability exists in at least a portion of this 
range; therefore, this characteristic on considered to be acceptable. : 


The pitch angie required to maintain zero forward velocity with no wind 
is shown to be less than the specified maximum of 5° from the vertical in figure 6. 
The effect of wind or forward velocity on the pitch angle, however, is quite pro- 
nounced since the trim pitch angle increases (negetively) approximately one degree 
for each knot of forward velocity. The agreement between the OVAC wind-tunnel re. 
sults (reference 4) and the NACA free-flight results (reference 9) is good up to 
velocities of 30 knots in spite of the differences in airplane configuration. Beyond 
30 knots the tuo sources of date show poorer agreement, 


Landinge with a forverd velocity relative to the wind are complicated by: 
two factors illustrated in figure 6. The first complication arises from the large 
negative pitch angles which might exceed the airplane static overtum angle o» 
impose excessive loads on the shock struts if continuously trimmed landings wars 
attempted. The second complication arises because of a region of "no control" which. 
exists at small pitch angles and noderste forward wind velocities. This region of 

596 gontrol" is produced as a result of (1) the reduction of tha area of the wing and 
control surface immersed in the slipstream, (2) stalling of the wing and (3) the 
ووه‎ eleven deflection required to triz out the nonent due to the vertical center-of~ ` 
gravity location. These effects are illustrated in figure 7 in which the amount of 
wing and control ares immersed in the slipstream and the angle of abtack of the 
Blipstresm reaching the wing are compared with the measured force and moment datas. 
The angle of attack of the relative wind was determined by assuming thai the velocity 
of the slipstream over the wing is equal to 0:46 Vaus(referenee 11). ልዬ a forward 
velocity of approximately 30 knots the force and moment data break which corresponds 
to the expected stall angle for a 57° delta wing. The second break on the moment سه‎ 
force date appears to be caused by the reduction of the wing area immersed in the 
elipstream. The reduced control effectiveness is ce sused not only by the reduction 
of elevon area in the slipstream but also by the decrease in the component of the 
velocities of the slipstream along the eleven chord. 


ET region of no control cen be reduced by two methods: 1) increase the 
aleros © the 


control effectiveness by increasing the chord, and 2) by tilting 
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+ the total moment of the 
ef tia 


A exit dom approxina! 
hroughout the entire hoverdr 2 . ፳ 
jet exhaust 6535 und the no سا‎ DE reg 


airplane nose Up, just prior to I 
tieg, 


eduction in con 
e 6 18 shown 


The magnitude of the r 
EI ያ 


obtained from cross plots of 


The effect of the vertical c anter-of=-gravity position on trim ele 
angle emi trim pitch angle is shown in figure 9. It møy be seen that very ifi. 
cant improvements in pitch attitude and available elevon control range result fron 
keeping the distance between the thrust line and the centereof-gravity as small as 
possible. : 


E 5 Zen e The effect of the airplane 
irectional control Mery 6 in the proximity of the px 

i ' the e ۳۳ ptb d fer Å be ከ6960 A a the s 
fo cei 


revisione on the 
shown te eode 10 i 


af questionakia accuracy. . 
The pedel forces, rudder deflections andà yew enplos required for trim while 
hovering in various lateral velocities are shown in figure 11 for the revised con 


figuretion with the standard 40° swept tail and a 509 ewept tall. The results are 
again plotted as bands to indicate the magnitude of the measured random trim varie. 
Ce 。 


The degres of — of the revised airplane with some of the direge 
tional stability and control hovering requirements of reference 3 can be evaluated 
from figure 11. It may be observed that adequate rudder control exists for trim 
throughout the Velocity renge with or without ground proximity. fiegligibie rider 
deflections and pedal ferces are required to trim the airplane in all lateral 
velocities from O to 35 mote at a large distance above the ground. 


The effect of lateral velocity on the trim yew angle (figure 11) 4 is only 
about 2/3 as great as the effect of forward velocity on the pitch aagle. This figure 
also indicates the region in which control is lost. The lateral velocity at 365. 
this region occurs, however, is greater than the lateral velocity at. which roli ওতে 
1964 of the airplane can be maintained 8 it petens 1 wada. dis ie died سه‎ 


> 
Sum 


The region of no control is caused by the loss of area of the vertical tail 
immersed in the slipstreem and the stelling of the vertiċel tail. These effects are 
shown in figure 12, This figure shows the ‘affect of the angle of attack of the tell 
and the ratlo of the vertical tail and control arte areas immersed in the slip 
debe: on the forces ana kowe ef ህ ‚a alrplene d ions lateral velocities. 

40 la the এ Seit, nob only is 7 
E “he سد‎ tad "i but e و‎ the ang f atteck of the tall is 

stall region. The control effectiven y 3 
proportional to the ratio of the ares of — 


AE 


ġ 


3. velocity is approxime 1 
tail immersed in tha slipe 


= 


to the ares of the verbícal tai lipstresm ab 


Some vind tunnel tests were 
These results are also shown in figur 
sure moves aft at a greater rate 
however, the region in which m 
distance from the propelle: 


leading edge vertical ta 
dicate that the center of 
r with this larger tail 
e is reduced dus to the I 
o of the vertical tail. 


eu 
fi ረ 
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Figure 13 which is a cross pl indicates the magnitude of 
the rudder deflection required for trim as å function of ground height. Mo 
inereases in rudder deflection are required near the ground due to the reduet 


rudder effectiveness, but no change in the trim yaw engles results, 


ion 


CONCLUSIONS & RECOMMENDATIONS 


Le Adequate elevon pitch control effectiveness existe for hovering trim f 
vised airplene configuration at any height above the ground at all G 
aa required by sirplane specifications. In the nearly vertical a 
ties above &pproxi ately 20 knots, a region of no control results 

(1), the vertical location of the center of gravity, (2) the. loss ‹ 


the wing, and (3), the stali region of the wing. ås a means of 


3 in or 


. this area | control cannot be ma intained, it is recom | thet the jet 
exit bo tilted down approximately 189, and that studies of the ۱ ۱ 
alternate clover: ም ead « ۱ : 


2. Adequate rudd jer yew control effectiveness existe for all con 
lateral velocity at which roll divergence can occur. 


3. One degree of pitch attitude or two-thirds degree of yaw c 9 required. 
per imot of trenslationsl velocity in pitch or yew, respectively. 15 is, 1 therefore " 
required to devise landing techniques which will rotate the airplane 59 을 nearly 
vertical attitude during landings in eidewinds. ` 
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GONSOLIDATED VULTEE AIRCRAFT CORPORATION 
San Diego, California | 


Aero Mano No. A-5-28 
Model 5 Airplane 
14 duly 1952 


Subject: Estimated Performance Characteristics of the Convair Model 5 
Prototype Airplane. 


SUMMARY 


This memorandum describes the classical performance characteristics‏ یڈ 
of the prototype version of the Model 5 Airplane. The results of these standard‏ 
performance calculetions are given in Figure 6. - |‏ 


INTRODUCTION | 


. Å three-view drawing of the Model 5 Airplane is shown in Figure 1. 

The externel prototype airframe ia identical to the tactical airframe and there- 
fore will have the 66:69 drag characteristics, The performance characteristics of 
the tactical airplane equipped with the 7500 equivalent shaft horsepower. Allison 
XT-40-4-16 engine and a two-speed gear-box vero estimated in reference 1. The 
performance characteristics of the tactiesl airplane equipped with the eame. 
engine end a single-spsed gear-box were reported in reference 2. Tn this second 
analysis the drag characteristic were re-evaluated based op windetunnel test data 
and on procedures which were mutuelly acceptable to the Bureau of Aeronautics and o 
Convair. ‘Therefore the drag characteristics estimated in reference 2 represents . 
“the best current information on the Model 5 configuration, 


| The essential differences between the protobype and tactical 
Airplanes which affect performance are (1) the power plant, (2) the propeller 
and (3) the gross weight. The prototype power plant is the Allison XT-40-4-14 
turbo-prop engine which is rated at 5525 ESHP ይይ compared to 7500 ESHP for the 
tectical engine. The propeller for the prototype powerplant has been designed. 
by the Curtiss-Wright Propeller Division te provide a minimum of 3.4 pounds of 
total thrust per shaft horsepower. Since this is the only performance require. 
ment for this propeller, the blades have been designed to have a Very large 
amount of camber, and because of structural and weight considerations, 59 have 
high thickness sections. These design features obviously make the propeller 
unsuited for high Mach number operation and consequently limit the performance 
of the airplane. A maximum gross welght of 14250 pounds for the prototype 
airplane will give minimum take-off accelerations of 5 ft/sse"( reference 3). 
The gross weight is attained by elininating radar and armement equipment from 
the airplane and providing fuel to reach the 14,250 pound weight. The | 
performance estimated herein 16 based on the amount of fuel required to give 
thie weight and on the take-off weight of 14,250 pounds. Performance 18 also 
estimated for an average flight test weight of 13,500 pounds. ማይ 
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DISCUSSION 


iption of laus The. description of the Model 5 prototype 
airplane is پس‎ 8 mr three av drawing in figure i. A complete breakdoun of 
the aircraft dimensional data ie given in table 2-1 of reference 2. The "Weight 
Date" in table 2-11 of the same reference apply also to the. EECH airplene 
with the following changes: 


a) "Fixed Equipment Group": no armament — “ma. {185.1 15.) 
| , ether provisions (128,7 1b) 
Therefore, total weight empty 11,428 ib, 


b) Ten Load": no arnenent (1118 1b.) 
Fuel (engine) to give a total useful lod of 


Take off gross سے‎ | Ze? 15. 


The useful dead 38 divided into fuel and ballast. The final amount of the a 
ítems depende on the location of center of gravity desired for specific flight — 
testa of the airplane. The relation between fuel, ballast, location of the cog. 
and change of this location with the fuel used ia shown án figure 2. For ~ 
| .رو‎ study 2237 lb. of fuel have been assumed. 


the engine charactortstion, EI? obtained fron مد 9 ,4 تاو‎ 
in table È, | The performance © the X? متسشن‎ engine is simijar to that £ the 

Allison XT 40=4<6 engine, "The primary differences between thage two engines .یر ۔‎ 
in the lubrication ayeten required fer vertical operation 38 We XT Ae መይ 


“The: basic fuel flow values obtained FR the eh a T of reference A are 
یت‎ in figure da: ‘These values have te bs increased 38. M ” inorssse ras ነ 
te frons aa 


1) 2% decrease ef the fuel flew for the type of fuel used. vm 
grado 200/130 663) according to reference 4, — 


aso of the: fuel flow. 86 +0 nargia — to the ` 
requirements ድፎ reference 5. 


۱ Di oteristiog.. The — eirplane vag 6 erisi 
| exactly the same procedure es bes been used far the tactical 
۱ ni described in deteil in reference 2, herefore the method is not described 
2 mim. The pwer required values are plotted ża p figures ja te e 
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ewer Available. The power availeble has been calculated based on 
engine ratinge supplied by the engine manufacturer (reference 4) and on propeller 
efficiency data obtained from the propeller manufacturer and plotted in figure bys 


It has bean assumed that 1006 of the theoretical dynemie pressure is 
obtained at the compressor inlet since the order of magnitude of the duct losses 
is equivalent to the increase in dynamie pressure due to the propeller slipstream. 


2 ca. The power required and available at several altitudes 
are plotted = Leen Sa to $f. The meximun velocities at the different 
altitudes have been taken from these figures and plotted in figure 7, The | 
maximum rate of climb and corresponding climb velocitiee and time to climb have ` 
been calculated with the procedures described in reference 2 and also plotted 

in figure 7. The fuel used for climb to altitudes from 1600 ft. has been | 
calculated with the. formule on page شم‎ of reference 2 and plotted in figure én. 


hé main difference 48 tbe performance between, the prototype and ㆍ‏ ^ ہہ 
tactical version of the Model 5 stens from the difference in the engines and‏ ۱ 
UG jed the prototype ati pe en ep is‏ واس এপ The sanaton; shaft‏ 


Senger decreases more rapidly i at higher Nach number then the efficiency of 
the tactical propeller, so that the predicted maximum level flight Mech number 
for the prototype airplane is 0,13 less than the value بد دن‎ for the 
tactieal version. | 

Studies of 9 speeds of the prototype airplane have been nade 
in order to determine the maximum obtainable Mach numbers in the flight teste 
(reference 6). Å maximum Mach number of 1.02 at 27,500 ft. sltitnce will be 
reached in a dive initiated او‎ 42,000 ft. BELEG, with. 145g push over, 


| Since. the prototype airplane je a test airplane, no mission studies 
have been ineluded in this memorandum, Of najor interest for this type of 
airplane are endurance and range performance. The resulta of these calculations 
„are plotted in figures 6b to 6d. The amount of fuel evallable for flight at 
different altitudes has boeh determined by subtracting the amount of fuel used 
for warm up, take off (283 1b.), climb to the altitude under consideration 
(figure 68) and landing (283 1b.) from the Andi Hai amount of fuel (2237 lb in 
the present oaleuletions). 
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M in the course of tha determination of endurance and range values it 
vas সরে extrapolate the propeller efficiency data to small power ratings 
especially at low altitudes. This process was sonewhat arbitrary. The greatest 
errors will be at low altitudes with two engine units in operation. This part of 
the curve is shown as dotted line in figures Gb and 60. The velocities corres» 
ponding to the maximum endurance in figure 6b are the velócities st the minimum 
power required values in the figures 5. The velocities corresponding 56 the 
maximum range values in figure 6e are plotted in figura fa. 
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Sono of the handling charasteristi ne 
kę: transition from level flight to hovering have been estimated. 1 

stimates are based on data obtained frem the first series of 0,15 
winiet tamel tests in the OVAL lowespsod B x 32 foot wind-tunnel. The 
ition tests consisted of 50 hours of a 137 hour test conducted be 
ober and 1 November 1951, Preliminary analyses of the transition 
indicate that it will be possible to make a level ፻፲ ight transiti 
the airplane may be trimmed at every angle-of-attack from Level £ 
hovering, The longitudinal stability during this manouver will 
due to the combined effects of power and stalling of the por 
outside of the slipstream, The directional sta ከ 3497 may ba 
or negativ pending on the rate at which the al rpiane 48 ፤ 
transition mar 


he 


DISCUSSION 


ipti it Test This test vas conducted on a model of 
figuration shown ( with full scele dimensions) in fi gure 1 
peller characteristics are shown in figuro 2. For these 
blade angles at the 0,75 radius station were sot at 15 de; | 
was mounted en a shielded single strut sting support and vos a pitched 
an angi. e-Of-attack range from O to 100 degrees at various constant | 
settings, Test thrust “coefficients vore limited by the tunnel power 
ون وس‎ e the model motor. Å range of thrust coefficiente (EL) 
9. 8 to 7 30 ves obtained varying the Aynenio pressure of the tunnel. 1 

15 lb/f5* down to 2 16/06 » it wae difficult to maintain the lover d 
pressurea due to a circulation produced by the model propeller elipet 
around the tunnel, 


38 and moments are gen: 
, Due to the questlonable 
n the high angie-of-atted: 

202 tie ons were 8:6. The test 


lest fog: The accuracy of the ment 
belleved to be within epprozimately 2 
accuracy of:standard wind-tunnel corrections 
test range,ine vell corrections or bl 
deta have nob besa corrected for duct 

effects. Low dynamic pressures vere 
the high values of thrust coefficients, 


the 
use of the lower dynemie pressures is 


تج 
3 


transition paths hic : 


Case E, A contis 
altitude and with 


à no lose or gain 
or dese] eration. 


Case II, A contin 
altitude end with 
second per second. 


Loes or galu‏ و 
tion of KOJE 7‏ 


The chu isties of the Case 3 ' 
fron vertical and horizontal squilibrius equat: 
the transition range. This resulte in a limit: 
shows the maximum thrust and the 7 ከ6236) 
that say be used without gaining altitude. The 
vere determined from measured سنہ‎ avd pover 
reference 1, : 


la 


It n may be noted from figure 3 that as the تونڅه‎ are 
vom 92 knots to 37 Imote, the elavon deflection 

m 12° up te approximately gero dofi action, i 
33 tye. It may bo found from fi: 
‚on the pilot is required to incre 
3.2900 horsepower in reducing the velocity É 
Data were not obtained from transition teste g 
below 37 knots. In order to give an Indication of the w 
elevati defleetione, the angle-of-attaek, the power and ti 
velocity range, hovering date from refprence 2 have Basi: 


fixed insta 
thie tran 
heegepower | 
37 58658, 


t8 = 
velocities 
f the 
lower 
figure 34 


plotted 


caso in which there 
ووي‎ 5 stek 
velocitios t 


83826 Case I actually representa al 
wąs no longitudinal deceleration it was deside e A 
would represent the more practical situation in a 
continvelly decrease during transition, Within the range of the test 
availeble 1% wes found that a deceleration of 10 fest per second per 
could be studied. At this rate of deçolerati Ti 
mateły 17 seconde and u horizontal distance 
100 knots to sero speed, ㆍ ۱ 


1450 feet to 011 


“the E deo: 
ons changes frem 


Di Bee? be seen fram £ 
Prom 53 knots to 37 knots the 
degreos up to 4 degrees هوه‎ for 
indicates e semewhat greater ano 
for Case I within approximately th 
that st 37 knots en snals-ofsat 
IT trensition which is 13 deer 1 
in Case I, This corrosponds to 717 
peller es compared to 63% at the s 


stabilit iy then ig 
y vange. It may be not 
required for the 6 
dived a et the same vel 
g supported on the 
s Cass I, The 4 


KA 
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required in Case 11 can be + 
for Gase I for the same any 

tion the pilot 38 reg 
horsepower in order Ze 
theust variation in this power 
12,500 pounds at 37 knots. This å mine the flight f 
mo blede-angle logepit teh stop. Fi a of the charac 

f the seme twe transition paths plotted age ains Sb angle-of-sttark, 


38 ry that equi 
Laion 


d isti to o 37 was 
ds at $2 knots 1 


Dis | Cheracteristios Figures 5 and 6 show rectional 6 
and control characteristics with respect to body ; 

paths discussed above, For the Gage I transition path "(sero decals 
figure 5 shove that the direstienal stability Ls positive for small 
of siċeslip in the angle-ofeattü&ck range from 27° to 5 550, At angi 
attack greater than approximately 30? tha directions] stability 
tive for Bet A f-eldeslip greater tham 59. Thine meg i 
duction in the area of the vertical, tell immersed in tha slipstream es the 
sideglip anglo increases. Test data vere not obtained simulating sidesgiip 
angles greater than 10º, however, it should be noted that Û hord sontel gusta. 
during transition may produce sideslip ongles in the range between 20% and 309, 


nega 


Së 


3225 


. Figure 6 shows that the directions]. stability for the Case TI 
transition (10 ft/eec? deceleration) is negative for smell 6 ść ef side- 
slip in the angle-of-atteck range between 40º and 60°, Po e directional 
stability exists for small angleseof-sidesiip at angles-of-sttack greater 
than 609, - 45 lenet a portion of the difference in directi stability 
which is observed in the two transition cases may be attributed to the effect 
which the alipstream has on controlling soparatien on the upper vertical tail 


t] 


at largo angles-ofeattack. However, a considerable amount of additional 
anelyele will be required to provide a complete understanding of the phenomena 


affecting the directional, maty charactert stica. 


CONCLUSIONS AND RECO 


is Th is possible te make transitions fron 1 
changing altitude in which the alrplane may b 
&ngle-of-atteck, The airplane suple-o 

setting required fer trim at a given 
depending on the longitudinsl desele 
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irat Sa f 0,15 Seale Model 
on the Model 5 Airplane 


5686 of the handling characteristics of the model 5 airplane in 
hovering flight have been estimated fron data obteined fron the first seri 
of 0.15 scale powered model teste, The hovering wind-tunnel tests constituted 
a 30 test heur portion of a total test time of 137 hours during the period 
fran 22 October to 1 November 1951. Preliminary analyses of the hovering tes! 
data indicates that adequate control effectiveness exists for hovering in the 
absence of ground effect, However, the down elevon deflection inereases to 
large values for hovering very near the ground. Randen trim fluctuations 
equivalent to several degrees of control deflection exist in all hovering con 
ditions, ۳ 


DISCUSSION 


Description of Model and Test Apparatus The test airplane configu 
(with full scale dimensions) is shown in Figure 1. The test propel 
teristics are presented in Figure 2. The model was mounted on a shielded 
sting balance 38 GVAL 8 x 12 foot wind tunnel, The sting and model could be 
rotated up to an angle of 90? to the wind direction. Hovering teste were 
conducted at angles-of-attack between 80º and 90°. Since this anpgle-cf-attaci 
range was indicated to bs inddequate for this analysis somo data from trang- 
ition testa at angles-of-attack between 60° and 80º were also used, These 
test date have been reported in reference 1. Å ground board was provided to 
simulate hovering near tho ground. Power supply limitations in the CUAL vind. 
tunnel prevented utilizing more than approximately 70 horsepower in hovering 
tests. The propeller blade-angles were sch at 15°, Tests were mede with a 
propeller dise loading of 38,8 1b, per ft^. The full scale propeller dise 
loadings vary frem 51.2 1b. per ft,“ for the highest leading on the prototype 
airplane to 80.8 lb. per ft. for the take-off welpht on the tactical sirplans, 
Moments were teken with respect to a eg location of 15 percent of the mean 
aerodynamic chord aft of the lead edge and at a vertical height of 6 inches 
(full scale) above the airplane thrust Lind. 
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a. ide-winda* Zero side-wind was simulated with sero wind=tumnel 
er Some direi culty was experienced in preventing flow through the 
test section due to model slipstream cireulation in the wind tunnel,  Side- 
winds were simulated by making the ratio of the velocity of the side-wind to 
the vertical. velocities in the slipstream sre proportional to the square root 
of the thrust as follows: 


where Va us is the theoretical value of the slipstream velocity at infinity 
(no ground plane present) obtained fron momentum considerations for en 
actuating disc, The wind tunnel test data were obtained in terns ef ssofficient 
based on the theoretical dynamic pressure of the slipstream at infinity, 

© مه م‎ = 47T7TDÈ ን and the side-wind to the theoretical slipstrean 
velocity ratio V/a ہے‎ Figure 3 shows the airplane axes used. This axes 
system has been selected to agree vith nomenclature adopted by the NACA (Ref- 
erence 2), Very low values of wind-tunnel dynamic pressure were required Ze 
simulate full-seale side-wind velocities of less than 50 knots. Attempt o 
were made to control the wind-tunnel dynamic pressures to values of 1, 2, 3, 
4 and 5 Ib. per ft。2。 Sometimes the lowest dynamic pressures could not be 
obtained dan to the recireulation of the model slipstream 。 


iracy of Data The accuracy of the measured data are believed to be the 
best that can be obtained with a normal wind-tunnel, technique; however, thie 
accuracy is limited by the smell magnitude of the forces measured (less than 
20 percent of the balance capacity), by płesible non-uniform flow at low 
dynamic pressures and by tha accuracy with which the lew dynamic presewres 
could be controlled. In this preliminary analysis no corrections were made 
for duet flew. Wind-tunnel blockage corrections have been made based on the 
model frontal area rather than planform or side area, The use of more 
realistic blockage corrections will be studied prior to making final analyses 
of hovering test data. The use of the lower blockage area, however, is be- 
lieved to give conservative resulte. 


iz ከኢ ረር: ል ር: 


* In this analysis 0» refer tá. en n 7 ane or wind velocity parallel 
to the ground plene when the airplane is in a hovering attitude, Side-winds 
may be either in the airplane plane of symmetry or perpendicular to it, 
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For this calculation the jet thrust was assumed to be 15% of the total thrust. 
This assumption is in agréément with a few available static thrust calculations. 
The values of Ja were used to obtain plots of the elevon and rudder deflec- 
tions required for trim versus side-wind velocity. Values of the airplane tilt 
angle were obtained from the following equations which result from horizontal 
equilibrium considerations:. 


tm & = (FD) 


ያ 


w= (t c 
Caw Y E 회 DI 


the OVAL 0.15 scale tests. They occur as force fluctuations and have no 
detectable periodicity. NACA analyses (reference 3) have indicated that 06 
force fluctuations may be attributable to the random nature of the inflew to 
the propeller in the static thrust condition, It may be noted fren Figures 4 
that the magnitude of the trim changes corresponds to an elevon deflection 
of 4.5 to 6.5 degrees and is appreximately constent throughout the side-wind 
velocity range tested. 


figures / indicate that adequate elevon control effectiveness 
exists for hovering in side-vinds at large distances above the ground. 
However, full down elevon deflection is required for hovering two feet above 
the ground in zero side-wind, The eleven effectiveness in the presence of 
the ground therefore appears inadequate for eontrol of forward motion is the 
hovering attitude. It is believed that this condition may be corrected by 
inoreasing the eleven deflection, ty in sing the elevon effectiveness 4 
by providing sone auxiliary trimming de | 
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Figures 4 show that the airplane tilt anple at large distances 
above the ground in zero side-winl is a small nose dom value, Thie value 
of eirplane tilt angle increases in a nose down direction as the airplane 
approaches the ground or as the magnitude of the side-wind increases. At 
zero side-wind this is not considered undesirable since 1f the pilot main= 
tains a nearly constant elevon deflection the airplane will not increase 
the nose down attitude and ihe horizontal movement of the airplane will be 
insignificant due to its large mass and the short time during which the eir- 
plane is hovering in the ground effect, Begardless of whether the pilot 
eleaté to hold constant stick position or to maintain pitch trim throughout 
the entire vertical descent, it may be seen from Figures 4 that the DuAer 
specification item (reference 4) which requires an airplene tilt angle of 
Jess than 5° be mainteined in zero side-wind ie met for all weight conditions. 
The effect of side-wind velocities on the airplane tilt angle is more serious, 
however, sinte severe landing leads may be imposed by a lerge tilt-angle ۱ 
single-oleo lending, Figures 4 show that in high side-winds the tilt angles 
ean reach valuss in excess of 30?, 


Direstlonal Hovering Uh aragteristles Figures 5 show the trim rudder defles- 
tien and the airplane tilt angle versus side-wind velocity for varicus weight 
conditions. The magnitude of the randen trim changes are again shown by 
plotting the results as bands. The analysis of the direstionel hovering 
characteristics has been limited to moderate side-wind velocities since test 
data were not obtained at large eneugh yaw tilt angles to simulate the higher 
velocity side winds, However, the available date indicate adequate rudder 
control exists in hovering both in the absence of ground effect ard with the 


airplene two feet above the ground. 


14 should be noted that in the case of the directional data the 
yawing moment which was observed at zero side-vind has been ignored since this 
vas believed to be caused by slipstream rotation which ie not expected to ba 
present in the full-seale airplane. One test with a 2? propeller blade angle 
differential indicated that slipstream rotation has a powerful effect on the 
yaw trim since this propeller blade angle differential was equivalent to 5° ` 
of rudder deflection. By reference 5 the Curtiss Propeller : Division was ` 
requested to attempt to provide sero slipstream rotation in the static thrust 
range between 14,000 and 15,000 1b, If this design condition is met the yaw 
out-of-trin moments with sero side-vind should be negligible. 


Lateral Hovering Characteristics No analysis of the roll effectiveness in 
hovering is shown here, partly because of the difficulty in separating out 
random trim changes and partly because the test slipstream rotetion simulation 
was not considered adequate, Ît vas noted that a total alleron deflection of 
20° is required te trim out one degree of propeller blade angle differential. 
Flight tests of a hovering model (reference 2,); however, have indicated that 
trolling the airplane roll attitude 
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little difficulty ia expected in con 
during hoverlug. 
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AND REGOMMENDATIONS 


rom 4.89 te 6.59 of control defles- 


sondi blond. 


on are present for s 


trol effectiveness is adequate in the absence of 
ur with the airplane hovering tuo fosbabove 
ya deflection of approximately 6º is required for 
in no o effect. This down eleven deflection 
cum deflection of 30º in ground effect (airplane 


ground effect, but is 
the gronde 5 dows ei 
im in sere side wind 


reagos to full des 
two feet above grou ye 


3. Hovering rudder. control effectiveness appears adequate for ali hovering 
conditions. 


he Propeller blade angle differential, has à powerful effect on directional 
and lateral trim. Approximately 2,5% of rudder are required to maintain 
directions] trim per degree of propeller blade-angle differential. Approxi- 
mataly 20 degrees of total aileron deflection are required for lateral trim 
per degree of propeller blade-angle differential. 


3, Tt is recommended that possible design changes be studied to increase 
the hovering control effectiveness especially near the ground, Studies now 


in progress indicate ground height, sweepback and changes in eleven planform 
may bo effective in increasing the control effectiveness. 


6, It ie recommended that a simple static hovering test rig be made for 
etulying hovering central effectiveness with and without ground effect and 
for studying randen trim changes, This rig should be inexpensive and should 
accelerate the sercignamis development of the model 5 airplane by reducing 
requirements for uinó. tuunel time. 


7, In future wind-tunnel hovering tests with side-winds 1t is recommended 
that angles of of ure up to 30° or 40° degrees be studied with greater dam 
elevon deflection, | 
S, It is recomended thet the Curtiss-Wright Propeller Division be cone 
tinusliv apprised of the necessity for maintalning zero torque (zero slip- 
stream rotation) in the hovering thrust range. 
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TIL, Comparison of Various 


Subjects Model 5 Propeller Investigation-Part 
a Propeller Efficiency 


Methods Tor Predicting Dual-Rotatlor 


SUMMARY 


A study was made to select a procedure for the prediction of 
unlerotation propeller efficiency, In this study the efficiency of a duale 
Muret ng propeller was determined by three different applications of Thee 

propeller theory and compared with the experimental e fieiency 65‏ 8 اوہ 
tained by the NACA (Reference 1), In addition the inflew velocity as pre-‏ 
dicted by Glauert's vortex theory vas compared with the inflow velocity y as,‏ 

predicted by the various applications of Theedorsen's theory. The Curtisa- 
Wright application of Theodorsen's theory was found to give the best agrese 
ment with experimental results. 


a 


INTRODUOTION 


This memorandum is the third ina series of aerodynamic studi 
planned to assist in the selection of a propeller for the tactical vers 
of the Model 5 Airplane, Part ፲ ia a comparison of several existing method 
for prediction of statie and take-off thrust, Part TI is concerned with the 
prediction of static, thrust for å large number of propellers, This nemoran= 
dun is a comparison of several methode for the prediction of dusl-rotation 
propeller efficiency, 


DISCUSSION 


Deser lotion of Propeller Test deta on an NACA ل3‎ 3) (05)-05 duel-rotating r 

propeller operating at a Mach number of 0,53 and an advance ratio of d 

was used as a basis for comparing the efficiencies predicted Ki each of t 

methods studied herein. This particular propel) er and sot of operating 0 

ditions was chosen because of the availability of experimental results 
(Reference 1). The blade form curves for this propeller are plotted in Figo 
ure 1, 


„te Theedorsen!s Propeller Theory  Theodorsen's propeller theory 
ees dE complete solution to the potential flew problen for both single 
and dusl-roteting propellers operating either Lightly of. heavily loaded. 
Basically, the theory presents a method for predicting the inflow at the pro= 
peller so that two-dimensional sirfoil 117% end drag date may be used to 
calculate the performance, 


following assu 
of Theodorsen' 


l, The displacement 


determined trem imeem 


Ze 181 
88 
3. The diameter of the ultimate slipstream ia equal to the 


dülemoter of the propeller, 


2 


4。 The two propeller components are rotating in the same plane. 


whise Aon) leation of The Theodersen's s Theory This method expedites the 
cn ‚tion of Theedørsen'e approach by «tploying plete which eliminate most 
the ealeulationa that would otheruiso be necessary to determine the 1; 
effi 2 vind angle and the resultant wind 71 ty {Reference 3). 
charts were nrepared using the data given by Theodorgen, Reference ty, 
international Bus iness Machinea for the hundreds of ub ulations © squir 


Using this appresch the thrust coefficient (Cp), power 
(ep) and efficiency (% ) were saleuleted for the selected P rope 
ating condition, Two separate calculations wera fades one usi 
dimensional lift and drag curves given by Curtiss-Wrisht for 16e serios 
folis (Referente 4) and one using the two-dimensional curves given by 6 
(Refer nee 1),. A detailed oaloulation prodedure using the two-dimenslonal 
lift and drag curves of Reference 4, is presented in Appendix A, The Spare 
wise distributions of displacement velocity, power cosfficient and thrust سوه‎ 
efficient obtained using the two-dimensional data of Refer vence Å are presented 
in Figurea 3, 4 and 5, | 
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Me, ; Coefficient 0-0 for the Ratio off Spin 
th preceeding application, the mass cocfficient 
includes the entire propeller-dist area. Since there ise ne 0 
ighin the spinner area this method modifies the mass coefflolent by inte» 


ting over Se per disse area outboard of spinner. 
~ 7 
x^ sal È AT ور‎ 


method then hood Lot in the seme manner as the Curti > appl ica ation efe 
% that the lift coefficient, wind angle | 1 wind velselty 

5 now be 583681 5561 using the modified mass ۶ This method is 
“erred by NAGA; however, this preference 38 rently based on limited 
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uert's Vortex Theory The axial interference factor of Clauert's vortex 
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Comp arative Results The thrust and power سو وھ ان‎ and the efficiency 
obtained by each of the applications of Theodorsen's theory along with tho 
experimental. values determined by the NACA are listed in Table I, 
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DETAILED PROCEDURE FOR WIE CALCULATION OF PROPELLER PERSO Rs ANGE BY THE 
CURTISS-WRIGHT APPLICATI 


W'S THEORY, 
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Total number of blades on both propeller components e 
Sectional blade angle measured from chord line, 
Drag coefficient 


Lift coofiicient 


"Design lift coefficient 


Power coefficient 

Thrust cosfficient 

ten * ር0/ 

Propeller efficiency =  J{Gp/Cp}) 
Airfoil thickness ratio 
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P Circulation 

፻ Foruerd velocity of airplane 

Y Displacement volocity of vortex sheet at infinity 

3 uff 

X Fractional radius 

Subseripts f 
F Referes to front unit 


R Refers to pear unit 
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Subject: Medel 5 VindeTu $ ۱ 
ransition fron Horizontal 


Six=Blado Dual. 
to Hovering FL 


on date obtelned during the first series 
lano have been analysed to 
a six=blade dual-rotating 


5689 of the thrust 
of wind-tunnel tests on the 0 1 
determine the thrust and tera ardoterLetics 
propeller operating throughou nsitíca from horizontal to hovering flight, 
The teste were conducted on 1 the model without wines end vertical tall. The 
data for this study were obtained fron 9 hours of thrust calibration rune 
during a total test period of 137 hours in the GVAL 9۱ x 12º wind tunnel, The 
results are presented as plote ef thrust coofíioi ው power ecofflolent end 
efficiency 98 advance ratio for airplane angles of attack fron zero to ninety 


degrees, 


L op bi 


ġie Medel 5 af 
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A 0,15 „ae model of the Model $ airplane body-propell er conbi- 
nation was tested in the OVAL ۵۰ = 12" wind tunnel, The propels ㆍ ble 

curvos of the 2.4 ft, diameter propel ler are shown in Fig. The 1 “90611. er 
blade angles at the 0,758 vere fixed at 15 degrees and the e ller was opere. 
8186 at 4000, 4500, 5000, 5260. atti 6000 RPM, The tunnel was operated at dynamic 
pressures of apnroximately 2, 5, 11 amd 15, During sach of the twenty test 
rune the dynamic press sura and propel! GF RPM were held constant and the angle» 
of«attack vas varied in 5 and 10 degree inérements from O to 100 degrees. 


DISCUSSION AND RESULTS 


Tho drag and lift of the propeller-off ånd the propeller-on model 
vere first obtained, The thrust vas then 6816518963 Ki চা the result tant 
force component, in the thrust direċticn, of the pre 
resultant force component in the thrust direction of gra وسوی‎ model, The 
shaft horsepower vos obtained from a „PL ot of 11: wrens ys horsepower per 
1000 RPM furnished by the motor manufacturer 2) før the 1.12 volts per 
cycle used in this test, The shaft horsepe tained are believed to be 
correct to one horsepower, The gå 1 are believed to be correct 
within 0,5 pound or less than 0,56, 


The results of the above calot 
va de Wigures 3 and 4 

tant alrplane angles of atte! ብ 
of thrust cosfficelent with propeller RP 
this werlation represente the combined 
number and blade twisting, However, 
variation with propeller RPM, Tt is possibi 
variation may have resulted fron blade ie 
Tugal forces. The centrifugal force acting on a 


idi ted as plots of Gr, 
Gf Cp and Gp with J for 

tę. Only a slight variation 
ed and 2% is believed that 
rimentel error, Reynold's 
fieiont shows a significant 
largo parcontege of this 

to aerodynamic and centri. 
repeller blade produces a 
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Couple which tende to flatten 
a couple which tends to ine 

(J large), the couple resulting i 
much larger than the couple 5 
blade loading inereases there is 
which may completely rever 
the blade in a direction to des 
leaded propeller and in a d 
heavily loaded propeller, Rem 
bladé angle-of-attack at high airplane intles=ufat 
18 at least qualatively in agreement vith the test de 


dynamics force produces 
loaded blades, 

se will usually be. 
ie fores but as the 
center of pressure 
256 forces tend te twist 
RPM for a lightly 

in increasing RPM for a 
| measure a propeller 

the above hypothesis‏ وا 


MA a 


Figures 5, 6 and 7 are plots of Cp, Gp and % vad fer various 
airplane angles of attack at 5000 REM, These plots show that both thrust and 
power coeffieient and the slóves, dOq/dd and dOp/dJ, increase with the airp 
angles-of-attask. Figure 5 is a comparison of the thrust and pover coefficients 
and ef 7261686368 with NACA test data før a 10 ft. diameter vide-blade dual- 
rotating propeller (Ref, 1). It is believed that larger values of «Cp, Cp and 7 
obtained by the NACA are representative of the greater blade twist distribution 
of the Hamilton Standard propeller es commared to tho propeller tested here. 
Figure 9 is a plot of propeller effielenev vs airplane angle-of-attack for a 
constant advance ratio, For comparison the efficiencies as predict-d by the 
axial momentum theory, (Appendix A), are alse shown in Figure 9, 


Medel and full-scale Reyneld's numbers, et J = 6 ave indicated on a 
plot of skin friction coefficient vs Reynolds number (Fig, 10), This plot 
indicates that the full-scale efficiencies may be expected to be annreciably 
higher than the efficiencies measured on tho 0,15 scale model, 


GONGLUSTONS 
1. Fer constant values of blade angle and advance raria th the thrust and 
power coefficients increase with increasing airplane angle-of-attack while the 
propeller efficiency decrenses with increasing alrplané angle-cf-attack. 


2, The rate of change of both thrust and pe 
ratio increases with increasing airplane engle-ofea! 


3, A significant variation of oo fleient with propeller RPM is indicated 
which is believed te be caused by blade twist > de further believed that 


the fullescale efficiencies vil! 


1 r than the 0.15 scale 
efficiencies because of Reynel 


the blade drag characteristics. 
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propeller bf, radius R operating at 9‏ 8 یں سو 
V (see Fig, a). Let u be the axial inflow velocity at t‏ 
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Medel 5 Airplane 
10 Desember 1951 


Subject: Preliminary Observations From The First Series Of 0,15 Scale 
Powersl-Model and Tho First Series OP High-Speed VindeTunnel 
Tests 


DISCUSSION 


The first serios of wind-tunnel tests on a 0.15 scale powered 
model of the XFY-l airplane were conducted in the OVAL 5 x 12 ft. wind-tunnel 
during a 137 hour test period fron 19 October 1951 to 1 November 1951, The 

impose of these tests wes te determine the stability and control character» 
isties of this airplane under various power conditions in the normal flight 
and the transition=to-hovaring regimes and to study the stability and contrel 
during hovering translation at various cross wind velocities, The first 
series of high-speed tests were conducted on a 1/12 scale model of the XFY-1 
airplane with windmilling propellers in the $' x 12,5' Southern California 
Cooperative Wind Tunnel during a 69 hour test period from 10 November 1951 
to 15 November 1951. The purpose of these tests vas to determine the sta 
bility, control and drag characteristics in the high subsonic Mach number 
range up to the choking Mach number of 0,94, The data frem these two tests 
are only partially corrected and reduced, Tt is estimated that it will 
require tuo to four more weeks to obtain complete sets of data from these 
tests. However, sone preliminary analyses are proceding based en importent ` 
portions of the data which vere reduced in approximate form during the teste 
ing. When final corrected data are received appropriato analyses vill be 
made in accordance with the requirements of SR-6J and SD-482, 


. Results of a preliminary examination of the available data 
indicate the complete feasibility of flying this airplane as planned in the 
normal flight, transition and hovering regimes. However these data also 
indicate a few deficiencies in the airplane flying qualities which should 
be corrected. In hovering, good control effectiveness appears to be present 
about all axes except that insufficient down eleven vas available for control 
very near the ground (2 feet) in a 35 knot eross wind, Analyses based on 
velocity distribution measurements indicated that the most powerful method 
of correcting this defleieney would be to sweep the wing treiling edge or 
increase the length of the cleo struts. A compromise modification involve 


ing a 9,25 wing trolling edge sweep and a three inch increase in the length 


of the ølen is being considered as a menne of improving this item, 


In transition-to-hevering preliminary results indicated thet 3 も 
was possible to trim at each angle-ofeattaek from level flight to hovering 
and that adeguate control existed about all three axes, however, the | 
directional stability was negative for the high power conditions experienced 
at bhigh angles-of-attack. This instability was mainly attributed to destabl=. 
listing power effects. A highespoed condition of neutral directional stability 
also vas noted at M = 0.925. This high-speed condition is largely attributed. 
to flow separation over the upper fuselage afterbedy (at high Mach number only d 
which causes separation over the lower portion of the upper vertical tall, This 
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separation although not present at low Mach numbers was noted in this forcé ' 
test at a Mach number of 0.925 as vell as from visual observations with a 
tufted model at this Mach number, By relocating the vertical tail approxi- 
mately eighteen inches aft of its original location it appears possible to 
inerease the vertical tail volume as vell as considerably improve the upper 
fuselage contour aft of the cockpit section in order to prevent separation. 
This change in the upper fuselage contour aft of the cockpit is also ex- 
pected to markedly increase the Mach number at which the drag rise begins, 


| Control effectiveness in normal, flight appears good at ali 
Mach mmbers up to 0,925, At this Mach mmber the control effectiveness 
at low deflections (particularly roll control) drops off sharply. This is 
believed to be due to the moderately large trailing edge angle of the 
elevons,. Tt was therefore considered desirable to reduce the elevon trail- 
ing edge angle. This may be accomplished by retaining the original physical 
thickness of the wing and merely extending the airfoil trailing edge to obe 
tain the wider wing chord which results from the trailing edge sweep mentioned 
above, Tn addition to this reduction in trailing edge angle the possibility 
of using blunt trailing edge elovons vill be studied, 


. In order to maintain adequate static longitudinal stability 
margin it is proposed to move the power plant forward 6 inches. This is 
expected to give only & small destabilizing effect of the propeller because 
the increase in propeller am is approximately off-sot by a reduction in the 
wing > the propeller. The resultant stability margin vill be approxi. 
mately 55. ; 


A twenty-five hour test period in the 8º x 12,5' Southern Calif. 
ornia Cooperative Wind Tunnel is planned for 12 and 13 December 1951 to study 
the effect on stability and control at high-speed of ving and eleven trailing 
edge angle, increased vertical tail volume and revised fuselage contour, 
fifty hour test period in the CUT vind-tunnel is planned for early in January 
to test the conplete revised configuration, The complete revised configuration 
will also be tested in the OVAL 8۰ x 12º wind-tunnel during a 3 day test period 
im Jamiary 1959. .. This test will cover the high-power conditions in normal 

flight, transition and hovering. | iv 


Å preliminary estimate for the above modifications indicates a 
weight increase of aporoximately 190 pounds, however, this weight was obtained 
by a summation of weight for sach specific modification. Structural studies 
of the overall airplane are being made with these changes fron which it is 
expected that the 190 1b estimate can be appreciably reduced. 
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Subject: Tmergensy Pover Regu 
Duration Hovering Fl 


d From One Engine Unit To Perrit Short 


SUMMARY 


An investigation vas made to determine what thrust augmentation would 
be required to sustain hovering flight (or at Least controlled descent) in the 
event of a complete loss of power fran one engine unit, It is shown that the 
necessary augmentation of power output of ono unit is required to be higher for 
the prototype airplane equipped with the 7409-0-34 engine then for the tactical 
version equipped with the 27-40-4-16 engine for equivalent loading conditions. 
15 is also shown in this memorandum that required increases in one unit power 
range fron 30 percent to 50 percent of take-off power of the remaining operate 
ing unit in order to prevent destruction of the airplane, 


DISCUSSION 


۱ For the purpose of this study it la assumed that once the loss of 
power occurs that the inoperative unit vill decouple from the gear box and 
cause no added load on the operating unit. Å desirable means of acconpLishing 
this objestive from the veight standpoint would be to inerease fuel flow to the 
extent that the power loss would be recovered for sufficient time to safely land 
the airnlane even though the destruction of certain engine components may ensue. 
It is desired: in this memorandum to determine the aporoximate powers required 
and the periods of time required to accemplish the required. augmentation, It 
is realized that certain limitations exist as Lo nirflous and allowable tenp- 
eratures within the engine but these limitetions are beyond the scone of this 


to follows 


study. The basic conditions assumed for this analysis are shown in the table 


| PROTOTYPE | . "TACTICAL. VERSION 
ITEM (with XT-40-A-14 engine) (with XT-40-A-16 engine) 
RST'MATED TAKEOFF ۱ 
GROSS WEIGHT 。。。。。 13,740 168, 16,250 18. 
ESTIMATED LANDING 
WRIGHT (WITH 350 LBS, | : 
OF پاپ‎ O ee ae 11,350 LBS, 13,860 1ba。 


ESTIMATED TOTAL TAKR=OFT 
THRUST d e e e e € * e e. 17,250 Aba. 23,000 ‘Lbs. 


Ze 
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one-half the thrust of two 
Glined in Reference 1 with 
& conservative assumotiot ی‎ 

SVAR 


from one unit (at take-off 
* both the tactical and pros 


unit operation, A caleulation 
one-half take-off shaft horsepc 
Figure 1 shows the percent inc 3 
pover) to maintain hovering flight 
totype airplanes. 


To illustrate the possit 
following sample situation is present 


initial conditions 


i. Airplane weight = 14,000 lbs. 


3. Airplane is in stationary hovering flight. 


If under the above conditions one unit fails completely and de-couples 
from the gear box the airplane will be immediately subjected to a 7000 315-76 
accelerating force, Assuming the loss of thrust to be instantaneous with no Core 
rection applied by the pilot it would result in an impact velocity of over 40 ft 
۱ This impact would probably destroy the airplane. For asymmetrical. landings, 
Reference 2 (where oleos do not make simultaneous contact with the landing surface) 
contact velocities of 10 ft/sec impose limit loade on the airplane structure. Ul. 


3 


timate loads result when contact velocities reach 12.4 ft/sec. Tt should be emphasized 


that the above values are based on unfavorable landing conditions and that if it 
vere possible to make landing contaet with all 61606 simultaneously, impact veloci 
up to 20 ft/sec could be tolerated without structural damage to the alrplene. 
Figure 2 shows د‎ comparison of impact velocity from an altitude of 50 feet ve 
percent of take-off thrust augmentation for a sample gross weight of 14,000 lbs. 


The effect of small reductions in thrust from the value of thrust re- 
quired for hovering flight is shown Figure 2. In this plot the time required 
te attain the various descending velocities is. shown by the dashed lines. It may 
be seen from Figure 3 that even small r 


"Lions in thrust if not corrected will 
result in impact velocities close to the maximum allowable for the safe landing of 
the airplane. | 


l. It appears from the preliminar 
emergeney thrust augmentation 
feasible method of savin 
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SUBJECT: An Estimate of the Effectiveness of the Windmilling Propeller as an 
Aerodynemic Brake 


SUMMARY 


This study has been made to determine the brakinz effect that could 
be obtained from the windmilling propellers on the XFY-1 airplane, The nega» 
tive horsepower absorption required for satisfactory deceleration at 25,000 
feet altitude has been calculated. Approximately 4000 horsepower absorption 
is required to meet the deceleration requirements of the new specification 
proposed by the Bureau of Aeronautics, 


An investigation of the stability and control of the airplane with 
the propellers windmilling has indicated that adequate static longitudinal 
and directional stability and control exists for the windmilling conditions 
investigated, The braking effect of the propellers causesa nose down trim 
change and a negative normal acceleration, both of which can be minimized by 
the normal functioning of the proposed elevon control system. 


The surface area of panel type speed brakes necossary to give ade- 
quete braking in accordance with the proposed specification has been estimated 
to be approximately 21 square feet. 


INTRODUOTION 


Preliminary studies using the propeller negativo thrust and torque 
data contained in references (1) indicated that only a weak braking effect could 
be expected from the propellers if the engine-gear-box design prevented the 
development of negative horsepower, This memorandum is a revision of the 
preliminary analysis. The availability of more up-to-date propeller performance 
data from the Propeller Division of the Curtiss-Wright Corporation and more 
recent data concerning the engine has made thia revision desirable, 11 8 
revision the negative horsepower required to obtain adequate braking has been 
calculated. In addition, stability and control data from wind tunnel tests for 
the windmilling propeller condition have been obtained and are used herein to 
determine the longitudinal and directional stability and control characteristics 
of the airplane during flight in tho windmilling condition. 


A comparison has been made of the propeller drag coefficient predicted 


. by the data of reference (1) and by the data received from the Curtiss-Wright 
Propeller Division. This comparison shows that the drag cosfficient predicted 


from the Curtiss-Wright data is considerably higher than the drag coefficient 
predicted from the data of reference (1). Neither the data of reference (1) nor 
the Gurtiss-Wright data have been corrected for the possible favorable effects 
of compressibility. 


DISCUSSION 


Engine Characteristies. Two engine models are to be used in the XFY=1 
airplane. The prototype version will be powered by the Allison XT40-A-14 engine 
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and the tactical version will be powered by URE XT40-A-16 engine, The two 
engines are basieally similar although they have different power ratings. A 
diagram, figure 1, is presented showing the principle parts of the two engines. 
The clutches are manually operated for starting and for disconnecting one of 
the engines for single engine operation, As a result of recent decisions these 
engines will not incorporate automatie decoupling devices, 


As ore possible method of controlling the propeller as an aerodynamie 
brake it was assumed that the pilot would be provided an auxiliary lever near 
the throttle which would provide a manual override on the fuel flow governor 
and would actuate vanes to reduce the engine airflow. These conditions would 
be selected to throttle down the turbine power and to minimize the possibility 
of flame-out. Under these conditions the propellers would drive the engines, 
most of the negative horsepower being absorbed by the engine compressors. The 
propeller governor would maintain the propeller at 1010 revolutions per minute 
by flattening out the propeller pitch. The propellers would not be required to 
go into reverse pitch, 


Preliminary estimates show the propeller system to have appreciably 
less weight than the equivalent panel type aerodynamic brake system, 


Deternination of Braking Effectiveness. The negative thrust of the 
propeller was obtained from figure 2 after finding the proper blade angle cor- 


responding to an asaumed negative horsepower absorption at a specified velocity 
from figure 3, These two figures were reproduced from data obtained from the 
Propeller Division of the Curtiss-Wright Corporation which were based on wind 
tunnel tests of 10 feet diameter, dual rotation, six-blade propellers. The 
variation of the propeller blade angle with negative horsepower and velocity ie 
given in figure 4, 


1 The variation of the propeller and airplane drag coefficients with 
velocity are given in figure 5. The propeller drag coefficients computed, using 
the data from figures 2 and 3, are compared with those predicted from the data 
of reference (1) in figure 5(b). The airplaue drag coefficient was obtained by 
the methods outlined in reference 2. This drag coefficient is calculated for an 
airplane combat weight of 15,076 pounds. 


The airplane deceleration in g's was computed for three conditions of 
2000, 3000 and 4000 negative horsepower absorption. The resulting longitudinal 
decelerationsare shown as a function of velocity in figure 6, 


The time required to decelerate from maximum velocity of 528 knots at 
25,000 feet altitude to the velocity for best climb of 370 knots at 25,000 feet 
altitude was computed by graphical integration of the reoiprocal acceleration 
versus velocity curve for the three values of negative horsepower absorption. 
The results, figure 7, are based on this caleulation and show the time to 
decelerate from maximum velocity to the best climb speed as a function of the 
negative horsepover absorption, This figure shous that 4000 negative horsepower 
must be absorbed by the engine to decelerate from the maximum velocity to the 
velocity for best climb in 16 seconds ه٥‎ 25,000 feet as would be required by 
reference 3. Approximately 1 second is required for complete action of the brake, 
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This time van not included in the time to decelerate since this effect is echa 
sidorod to te moro than counterbalanced by the undetermined high Mash number 
effects on tho propeller drago Figure 7 also shows the panel brake area res 
quired versus time to decelerate from the maximum velocity to the velocity for 
best olinb, This curvo shows that approximately 21 square feet of panel area 
are necessary to decelerate to climb velocity in 16 seconds. The braking 
effect of the panel type brakes vas estimated from wind tunnel data on a similar 
delta wing airplane, reference 4. 


Stability and Controle In order to evaluate the effect on the aipe 
plane stability and brim of windmilling propallera with large negative thrusta, 


and the effect of tho reduced propeller wake velocity on the control effective» 
ness, special wind tunnel tests were conducted, reference 5. The results of 
these tests were used to compute the elevon deflection required for trim versus 
velocity at an altitude of 25,000 feet for different values of negetive horsee 
power absorption, These data are compared with the trim eleven deflection for 
the level flight military power condition in figure 8, 


Both a negative normal acceleration and a negative pitching accelera» 
tion would result from actuating the propeller braking system If no change in 
elevon position accompanied the actuation of the speed brakes. A control system 
ig being studied, however, which aperates in such a manner that for a constant 
stick position, the elevon deflection will increase to hold the normal accelera» 
tion constant, This would be accomplished through the use of a control system 
whieh provides accelerometer intelligence to the eleven, ‘Since the propeller 
braking piteh change time is approximately one second, it should be possible for 
the control system with an elevon deflection rate of avproximately 59 per second 
to reduce the trim change to a small negative dynamic impulse. The instantensous 
normal acceleration due to the loss of lift with power is shown in figure 8(b) 
for constant elevon deflection, The action of the control system should reduce 
astual dynamic normal accelerations to a fraction of the values indicated in this 
figure and tho sustained normal accelerations to zero. 


Figure 9 shows that adequate directional stability and control are 
available for the highest values of negative horsepower calculated. The diree- 
tional stability data and the longitudinal control and normal acceleration date 
were obtained directly from the data of reference 5. The directional control 
data was determined from the longitudinal control data of reference 5 by the 
6706 ٤ 


Géi \ Cm, 


Cm 
Cas = Cas Coast 0,377) 460 
É 3 
where Crs, ” total rudder effectiveness when braking 
৫৮44 = rudder effectiveness with military power 
አ.” total elevon effectiveness when braking 
maz elevon effectiveness with military power 


E = glevon area outside slipguresm = 0.377 
total elsvon area 
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All of the rudder area is 3 È peller wake while part of the elevon 
area is outside of the دو ھت‎ waka. 


GONGLUSIONS & RECOMMENDATIONS 


l. Approximately 4000 horsepower absorption or 21 square feat of panel area 
are required to obtain a 16 second decele ration time from maximum velocity to 
the best climb speed at an altitude of 25,000 feet. 


2. Adequate longitudinal and directional stability is control are available 
when the propeller is used as an aerodynamic brake. Negative pitehing moments 
and negative normal accelerationa resulting from using the propeller as a brake 
should be reduced to negligible dynamic values by the normal action of the con- 
trol system. No sustained trim change will be encountered, 


3. In the event that aerodynamic brakes are to be ine sorporated into this sir- 


plane, it is recommended that a detailed study of the fuel and air throttling 
| E 
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DISCUSSION | 
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ef 


0.017 (based on airplane wing area) 
ndnilling propeller and 0.012 with a 


2, ል lou Mach number drag coefficient 
ean be obtained vith an eight blade v 
six blade windmilling propeller as compared with 0.022 for the conventional 
type of fuselage dive brake, At the higher Mach numbers vindmilling propeller 
drag coefficiente remain approximately constant. 


3, Decelerating time frem 300 to 200 knots varies fron approximately 31 
seconds to 37 seconds depending on the altitude selected and the number of 
propeller blades, Deselerating time fron Vues to 400 knots varies fren 22 
seconde te 65 seconds also dependent on the altitude selected and the number 
of propeller blades, At sea level the longitudinal deceleration obtainable 
fren the 9 blade propeller at 400 knots is approximately 0.30 g's. 
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: T II è Comparison of 
Static Thrust of ; Propellers. 


Å study has be 2 te 
large number of different prope 
turbo-prep engine, In this study the も 
vas determined by the modified Curtiss 
Memo No. A-5-13 (Ref. 1). The resulte are prese: 
Figs. 1 through 6, No attempt has beon made to reach conclusions as to whieh 
of the propellers meet or fail to meet the take-off requirements since the 
minimum acceptable thrust values throughout the take-off range have not been 
completely formulated, 


total static thrust of a 
conjunction with the XT-40-A-6 
3 thrust (jet plus propeller) 
ned as recomended in Aero 

ed in graphical form in 


INTRODUCTION 
. This memorandum is the second in a series of aerodynamic studios 
planned to assist in the selection of a propeller for the tactical version of 
the Model 5 airplane. Part I is a comparison of several existing methods for 
prediction of static and take-off? thrust (See reference 1). This memorandum 
is concerned with the prediction of static thrust for a large number of proe 
pellers selected to cover e rather wide range of propeller parametere. 


DISCUSSION AND RESULTS 


The ranges of propeller parsmeters studied are listed in Table I, 
These parameters wore grouped into all possible combinations, thus giving a 
total of 108 different propellere for which the statie thrust was calculated, 
The results of these calculations are presented as plots of thrust va, inte. 
grated design lift ċcefficient fer constent values of activity factor (A.F.), 
RPM, diameter and number of bledes (Figs. 1 through 6). 


All calculations were based on the performance guarantees fer 
the XTe40-A-8 engine et standard sea level static conditions operating at 
take-off power (Ref. 2). Før these conditions the shaft horsepower 18 6825 
and the jet thrust is 1685 lbs. The take-off rpm is 15700 which is approxi 
mately a 10% increase over the military rated rpm of 14300, The propeller 
rpm's of 1000 and 1108 were chosen because these rpm's would be obtained 
with the existing gear-bax ratio of 15.668:1 for the XT-40-A-S engine or tha 
gear box ratio of 14.166:1 for the XI-40-A-6 engine, If the 14.166 gear 
ratio were to be used, the strength of the XT-40-A-6 gear box would probably 
have to be increased to absorb the additional power of the XT-40-A-8 engine, 


The results are presented as plots of thrust vs. integrated design 
lift ecefficient for constant values of activity factor (A,P,), RPM, diameter 
and mmber of blades (Figs. 1 through 6). 
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Subject; Determination of Estimated Terminal Velosity in Dives of ihe 
Model 5 Airplane 


SUMMARY 


Preliminary calculations were made to determine the maximum 6 
speed of the Model 5 airplane for the purpose of dynamic and struc tur 
ana The caleulations are considered preliminary in pu pro 
efficiency has been estimated to be 50% for the entire range of hig 
Mach numbers. A sample calculation is included to illus ciù the 
118661 in obtaining data, 


DISCUSSION 


Four types of di ves were investigated in this study, They are as 
follows: 


1. 909 dive with vertical entry at service ceiling and Vmax with 
a 7,5 g pullout initiated at an altitude of 5,000 ft. (Ref. 1). 


909 dive from service ceiling at Vnax with 3.0 g pullout initiated 
at approximately 12,500 ft, 


109 dive from service ceiling at Vnax with O e entry (discontinued 
at 22,500 ft.). 


he 209 dive from service ceiling at Vnax with O g entry (discontinued 
at 22,500 ft.) 


As the plots indicate, the maximum Mach number reached in any of the 
dives was M = 1,13 in dive number 1. The maximum Mach numbers of the four 
dives are tabulated as fellowes 


Dive Number Maximum Mach No, Altitude 
1. 1.130 27,500 ft. 
że 1.085 25,000 ft, 
3. 59775 38,500 ft, 
he 1.008 37,000 ft. 


The basie conditions assumed for all the dive calculations ara 
itemized و‎ | 


1. Gross weight was held constant at 15,150 8 


Military power was used in all dives and pull-outs. 


CONSOLIDATED VULTEE AIRCRAFT CC 
San Diego, Californ 
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DISCUSSION (Gont 'd) 


3. In the absence of more complete high-speed propeller data, a 
propeller efficiency of 50% was assumed in the calculation of 
thrust available, 


Engine data was supplied by the thermodynamics group in the 
form of curves of shaft horsepower vs Mach number and jet 
thrust vs Mach number (Figs. 2 and 3), 


Drag coefficients were taken from the Model 5 performance 
report (Ref, 2), 


6, All dives were started at service ceiling (43,000 ft.) and 
Ve 500 knots, 


From the eurves it can be seen that dive number 1 reached the 
hichest possible Mach number but the hirhest practical Mach number 
attainable would be more nearly represented by curve number 2, Tt can 
also be seen that there is sufficient altitude to make a safe recovery 
from any of the dives after reaching the altitude for maximum Mach number, 


A sketch (Fig, 1) has been included to show the forces assımed to 
be acting on the airplane in the dives, A sample calculation is shown in 
Fig. 4. Flots of Mach number vs, altitude are shown in Fig, 5, 


The curves in Fig, 5 show that the maximum Mach number attainable 

in a 909 vertical dive is 1.13, Calculations done on 109 and 209 dives 
showed that these attitudes did not exceed the speed computed for the No 1 
vertical dive, ለ8 a result the 109 and 209 dives were only carried 

down to 22,500 ft. 


Any minor increase in propeller efficiency would have small effect 
on the maximum Mach number as the propeller thrust amounts to only about 
one-tenth of the total propulsive force acting on the airplane in the 
vertical dive. However, if propeller efficiencies can be shown to be a 
least ten to fifteen percent greater than those used in this report, it 
mended that a further check be made of terminal velocity. 
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q > local dynamic pressure (1/20V°), 1b/f4* 
W ~ Gross weight, 8 
8 - Wing area, ft^ 
V = Velocity, ft/sec 
OL e Lift curve elope, per degree 
OL x tran „ Trim lift curve slope, per degree 


Ol ¢ = Rate of change of lift coefficient with elevator deflection, per 
degree : 


Mer, ~ 4 Rate of change of pitching moment with lift coefficiente 


OM ( - Rate of change of pitching moment with elevator deflection, per 
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WING 

Area (Total to É ) sq ft, 346 

Aspect Ratio 1.9 

Taper Ratio 9527 

Sweepback, L.E. degrees 55 

Airfoll NAGA 63-009 Mod, 

Elevons-Aves sq. ft, 35.0 

Span (Theor,) Pb, 27 

VERTICAL PINS 

Area (Total to È ) sq. ft. 160,5 

Aspect Ratio 3,18 

Taper Ratio (Root to Theor. Tip) 3.25 

Sweepback = L,E, degrees 40 

Airfoil = Root : NAGA 63-006,5 Mod, 

Theor, Tip NAGA 63-009 Mod. 
Rudders = Area sq. ft, 20.75 
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Aspect Ratio 1.9 
Taper Ratio 5.23 
Sweepback, ٣ | | degrees 1 55 
Airfoil HAGA 63-009 Med, 
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VERTICAL FINS 0 | | 
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Aspect Ratio | 3.18 
Taper Ratio (Root to Theor. Tip) 3.15 
Susepback- LE, degrees 40 
Airfoil = Root | NAQA 63-006,5 Mods 
Theor, Tip - NAGA 63-009 Mod. 
Rudders - Area sq. ft. 20.75 
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In order to provide a basis for estimating the low=speed lateral 
stebility derivativ the Model 5 Airplane, a survey of pertinent NAOA 
publications has been made, The survey covered unswept, swept, delta, 
and modified delta planforms, and also included the effect of vertical 
fin sigo and location on the lateral stability derivatives of a delta wing 
configuration, This survey has been summarized in three parts, which cone 
tain the low-speed lateral stability derivatives fors 


Wings alone‏ ونا 
Wine-Body-Fin Gombinations‏ ,و 
Complete Areraft‏ ,3 


The values of the lowespeed lateral stability derivatives estimated 
for the Model 5 sm ane at Cy, = O andas a function of Cy, where noted are: 


e = =0。 23/ vad 

Cha = 0-0,00161,/deg 

Ce r= 0-0, 290; /rad 

Cyo = 6 ۱ 

Yp ' ሽ 
C = ۱ propeller ~ 7 
18 SA -0.024/deg ^ blade angle た に = 15 (-0,027/ deg, ፆ 500) 

Cr = 0.715/rad (0,41 5/read 3 Å = 50°) 
| Crp * =0,290 /rad | 


CNN propeller o o 
0,0011/deg 96 angle ® 15 (0 , 8550 ) 


CA 
で 
u 


Cn Boe =0,32 /red (-0,43/rad, A = 508) 


span, ft. 
Lp Distance from 0,6, to midpoint between propellers, 


3 e 


ሪኔ Distance from G.G. to O.P. of vertical tail, ft, 


Y Rate of ya jane 3/8615 ৬ 


5 ۲ 4.2 
Sp Propeller dise area, ft“ 


Sy Wing area, ft^ 


Velocity, ft/sec 
“8 * 
7 Tail volume coefficient 


Gp Rolling moment coefficient 

Ca Yawing moment coefficlent 

Side force coefficient 

Propeller side force coefficient 
(Based on propeller disc area) 


Greek letters 


Angle of sideslip, degrees, also Fropeller blade 
2 angle, degrees 


2 Angle of yaw, 8 


£ 


'Subseriptss 


” Derivative with respect to rate of roll RN 
d (pb) 
(2v) 
Derivative with respect to rate of yaw d 


P Derivative with respect to engle of sideslip 


2 Derivative with respect to angle of yaw 
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Discussion 


gurations The values of the lowespeed lateral stability 
ted in this memorandum are based on the airplane cone 
es 


characteristics given in Figure 1 and Table Ir 


He 


Estimation Proceduress The OVAL wind tunnel test #90 provided information 

for the valves of Cra and the lowespeed directional ES de stability 
derivative Cha 。 “the values of these two derivatives include a propeller 
blade angle effect for 4 = 15% which was the ከቀ SE blade anrle setting 
used in the wind tunnel test, An additional blade angle correction ሠሪ = 50? 
was ealeuleted from Ribner ! s propeller side=force theory (Ref, 1) as shown 

in the Appendix, The variation of propeller side=foree coefficient with 

blade angle is shown in Fig. 2. 


The n charts of the lowespeed lateral চি 
been used bo deter e the range of values of the various d 


in Table II for Wing Planforms, in Table III i for Wi 
rand in Table IV for Complete Airplanes, j 
provide data for plottine curves of the variation. of some 
with aspect ratio or tail volume coefficient, When no de 
found, the value of the derivative chosen for the Model 
Hibner's theory for low-aspect-ratio triangular wings à 
speed lateral stability derivative summary charts have beer 
data given in References 2 through 10, 


The value of the effective dihedral parameter, Ce و‎ has been 
. : : fx gs の | 
from Ribner's theory for loweaspect ratio triangular wines (Ref, 2). 


The sumhary chart of low-speed lateral stability derivatives for Winge 
BodyeFin combinations (Table III) indicated the iii of Cne with the 
tallevolume coefficient of central vertical fins (Fig, 3). This variation 


has been utilized to estimate the value of C, for the Model 5, 


The value of the side force derivative due to rate of yaw has been 
estimated from Figure 4. This figure shows the variation of Cy. with the 
tall volume coefficient of various vingebody=fin combinations, 


The value of Ceo has been estimated from Fig, 5, which shows the variation 
of CL, with aspect ratio 1 complete delta and modified delta ving planforms, 


Tne total value of Cz, å is the sum of the wing and tail contributions, 


1 


E 


( The variation of Cap with Cy, has been estimated from Ribner's theory 
Ref. 2), 


Cer has been estimated from Ribner's theory (Ref. 2). 


Tha value of Cy, has been assumed to be zero for this airplane, 
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er Blade Angle Effects: A correction for the propeller side-force 
effect of a 6 blade, dual rotating propeller has been made for those deriv- 
atives which include side=forse and yawing moment due to sideslip and rate 
of yaw, Since the test values of Cyg and Chg included the effect of a 
propeller with & 159 blade angle, رم‎ ol to greater blade angles has 
been necessary, The test data (Fig, 2) show that = 509 pives limiting 
value of Cy, due to propeller. Accordingly, values of Cyg ን Chas و‎ 
and Cn, are given for values of Å equal to or greater than 50% 


The propeller contributions to Cru and Cn, have been estimated, based 
on Ribner's propeller side-force theory (Ref. 1), as shown in Appendix I of 
this memorandum, 


ns Damping effects due to gyroscopie action has been 


yA HODGE D dd 
assumed to be negligible, 


1, The values of the low-speed lateral stability derivatives estimated 
for the Model 5 airplane are given on page 1 of this memorandum, 


26. The variation of propeller side force with blade angle, Fig, 2, shows 
that test data and theory are not in good agreement, For this reason, 
the contribution to the lateral stability derivatives due to propeller 
blade angle may be uncertain, It is therefore recommended that variation 
of propeller blade angle be included in NACA curved flow tests as well 

as in the CVAL powered dynamic model tests, in order that the effects 

of propeller blade angle on lateral stability derivatives may be studied, 
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Appendix I 


Formulas Used For Estimating Propeller 


Contributions To The Lateral Stability Derivatives 


The propeller blade angle correction from 159 to 509 for the statio 
derivatives has been estimated using the equations given below: 


Cra = (Chh = 4০৮ (Z) 
ach, 0 Chre " Cyrus? 


Chg g (Cha) ze = 40% SCH Ze 


The propeller blade angle contributions to era and C n,. have been 
estimated as follows: 


The angle of attack of the propeller axis due to rate of yaw can be 
given by y = tan Zei fa der for small angles. 


The sidesforce coefficient due tomte of yaw is therefore 
= . CWE LE 
( C y). = — 5/3 Es 7 Y , where 2 C : ( 25) 
(Cy), 
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“ነ SE Let 
-57.3 Cy, Sw Y 
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5 e 1 3 A jeb 

ST) REDE Ze 
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3 3 ٦ Sp م‎ ; 
„b / I, 6 ご と =P 

#2 5 Ch 
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g moment coefficient due to rate of yaw 28 


im,‏ وړ 
Ine.‏ 


The calculated propeller effects far a blade angle of 50º are: 


101675 ge e -0.30 /rad, 


ረ = «0,12 /rad。‏ د 
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ing moment coefficient due to rate of yaw is 


CINT S Le 


The calaulated propeller effects fa a blade angle of 50º are: 


(a Cy ٣۳ ) propeller 2 =0。30 /rad. 


ገ 1 1 
سس تھا‎ = «0,12 [rade 
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Table I 


Area (Total to d ) 
Aspeat Ratio 
Taper Ratio 
Sweepback, Lele 
Airfoll 
Elevons-Area — 
Span (Theor. ) 
VERTICAL FINS 
Area (Total to É) 
Aspect. Ratio 
Taper Ratio (Root to Theor, Tip) 
Sweepback ه‎ L-E, | 
Airfoil = Root 
Theor, Tip 


Rudders è Area 


PROPELLER DISC AREA 


fta‏ د 


degrees 


20 è ft. 
Ft, 


Sq. ft. 


degrees 


sq. ft. 


Bde fts 
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NAGA 63-009 Mod, 
35,0 


25.67 


3,15 
40 
NAQA 63=006,5 Mod, 
NACA 63-009 Mod, 
20.75 


20. . 
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fable I 
WING 
Area (Total to ያ ) sq, ft. 346 
Aspect Ratio ۱ 1.9 
Taper Ratio | 5.23 
Sweepback, Lele degrees 55 
Airfoil NAGA 634009 Mod, 
Elevons=Area — sq. ft, 25 0 
Span (Theor.) — Ft. 25,67 
VERTIGAL FINS 
Area (Tote to €) sq. ft. 160,5 
Aspect. Ratio | | 3.18 
Taper Ratio (Root to Theor, Tip) 3.15 
Sweephack = L.E, | degrees 40 
Airfoil e Root NACA 63-006,5 Mod, 
Theor. Tip NACA 634009 Mod, 
Rudders = Area sq. ft. 20.75 
PROPELLER DIGO AREA #ቧ» ft, 208. 
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Subject: Estimated Aerodynamic Derivatives for the Model 5 Airplane. 


SUMMARY 


In order to provide an indication of the values of the aerodynamie 

derivatives which are to be measured in fortheoming wind-tunnel and rocket- 
‚model tests as well as to provide preliminary information for load analyses, 

a crude estimate has been made of the values of certain of these derivatives, 
The estimated values of the longitudinal derivatives are presented as a function 
of Mach number in Figure 1 and in Figures 5 through 9. The estimated values of 
the directional derivatives are presented as a function of Mach number in Figures 
. 10 through 15。 - 


The data presented in this memorandum supersedes a portion of the data pre- 
sented in reference 1. Major differences between the data presented here and 
the data given in reference 1 are due to use which has been made in the present 
analysis of additlonal low-speed test data and to an extension of the estimated 
values of the derivatives to include supersonio regime, Except where otherwise 
noted the data presented in Figures 1 through 15 apply to the tactical airplane 
having a pross weight of 15,070 lb., Cege at 15% MAC and an eighteblade dual 
rotation sixteen ft. diameter propeller, 


ACCURACY ~ Because the time available for estimating these derivatives was 
extremely limited many crude approximations have been made in order to obtain 
values of aerodynamic derivatives throughout the flight Mach number range. 
Time has neither been available to permit the normal checks on the consistency of 
the various derivatives to be made, nor to exploit all of the test data which are 
known to exist, For example, no corrections have been made for the effeat of 
Mach number on the propeller normal force, the effects of propeller blade angle 
have been ignored in estimating values of all of the derivatives except dQ, , don 
and و ومو‎ ho corrections have been made for the duct inlet contribue Zo åg, 
dt tions; a check was not mada of the rather large discrepancy between 
the theoretical values of some of the directional derivatives in the supersonia 
range and the values obtained from either test data or Y2e2 estimates; and only 
limited data have been obtained from XP-92, Y2-2, XF7U-1, and XFAD=1 tests, 
Nevertheless, it is believed that the data presented in Fisures 1 throush 15 
are satisfactory when used to obtain an indication of the order of d 


8 Procedures = In most cases the orocedures used in 7 
values o e derivatives presented are indicated directly on the aur 
Except for the hinze-moment derivatives, tual lowespeed test points d 
available, The variation with Mach number was faired using one or more of 
the following procedures: 


(1) The modified Glauert Correction ——— er, for the eubsenio : 
VT = (ra ces 
(2) According to actual or modified XP-92, Y2-2, XF7U-1, end XF4D=l transonic 
test data, The XF7U-1 and XF/D-1 data shown in. figures 10 and 11 have 
been modified as follows: 
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No correction to these data have been made for angle of sweep, taper 
ratio, or airfoil profile, 


-(3) Supersonic serodynamic theory 
(4) Yb-2.estimated values of the aerodynamic derivatives (reference 7). 


Propeller Blade Angle Effects - The contribution of the propeller blade angle 

to the values of the aerodynamic derivatives is of special interest, Figure 

2 shows the blade angle required as s funetion of Mach number, Figure 3 shows. 

a comparison between the neutral point shift due to propeller blade angle measured 
in 0.10 scale powered model tests in the CVAL wind tunnel and the neutral point 

shift predicted by theory (reference 3). It may be noted that the CVAL test date 
~ show the same variation with blade angle as predicted by theory for low lift سو‎ 
efficients although the magnitude of the measured ac shift is less. No effect 

of propeller blade angle was indicated by the CVAL tests for blade angles 

above 50º, At high lift coefficients the effect of propeller blade angle 

appeared to be nearly constant, DMB tests (reference 4) on the other hand 

showed a oreater ac shift than oredicted by theory. | 


Since the stability slopes due to propeller blade angle in the low lift 
Goeffieient range are somewhat difficult to measure accurately, the actual 
contribution of the oropeller blade angle may be subject to some doubt, It 
should be noted, however, that if the actual propeller blade angle effects are 
‘In accord with theory, oven up to blade angles of 509, then marginal longitudinal 
stability and negative directionsl stability may exist at low lift coefficients 
and small anrles of sideslip. 


A 


ig 
155 


For structural design purposes it is recommended that a minimum stat 
margin of 5% and a minimum Cy of 0,0010 be used since it is expected the 
future tests will indicate a final desion eg range or a configuration change 


necessary to sive these minimm acceptable values, 


1 


1. Data are presented which show the order of magnitude of some of the aero» 
dynamic derivatives for the model 5 airplane. The values presented are crude 
estimates which will be revised in the near future when additional tunnel data 
become available, 
2, The propeller blade angle may have a strong effect on both the longitudinal 
and directional stability, This effect will be investigated carefully in forthe 
coming wind tunnel tests. GC? 
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1. Data are presented which show the order of magnitude of some of the aero- 
dynamic derivatives for the model 5 sirplane, The values pr € 
estimates which will be revised in the near future when additional tunnel data 
become available, | 


2. The propeller blade angle may have a strong effect on both the Longitudinal. 
and directional stability, This effect will be investigated carefully in forth= 
coming wind tunnel tests. 
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Notes fron Conference with Aeroproducts at San Diego 12 April 1951, 


heroproducts: Dave Bowe, Chi 
| | Dan Jacobson, toy no 
Fort Gross, Controls 

Bob Trost, '፲, Å. Representative 


Convair: G: B. Carroll, C. A. Mohr, C. Lo Blake 


ls Aeroproduets proposed a 6-way dual prop in the recent Buler competition 
for this sirplane in order to show early delivery dates. First propeller 
will be available early in 1952. Weight was 1350 lb, bare with about 125 1b, 
for spinner, 


2. Two alternate 6-way props were proposed: Å 16 ft. dia. gives 3,3 lb./H.P. 
based on 5035 HP (16,600 Ib, thrust) with AF = 150, A 16.5 ft, prop gives ~ 
3.43 1b Ro (17,250 lb.) with AF = 145. These props both use the existing 

FAO blade, - ۱‏ ری جوا 


3. In a month or so they will propose a new propeller for the tactical sire 
plane, Delivery will be a minimum of about 18 months after receipt of order, 
They don't Know if this proposal will be € or 6-way, but lean toward 6-way, 


4. Our lxp data do not produce critical prop stresses, except in the 7.5 G 
conditions - the landing maneuver did not appear bad to them, Their analytical 
studies did not show any high lxp stresses in 90? side winds, only 2xp stresses, 
However, they are anxious Lo hear the results of our next wind tunnel tests 
when we recheck the thrust in a 90° side wind, 


5, Ey use of the 8 the exp stress is reduced to a negligible 
level; however, 2xp can be at a high level of stress on an Eway prop. 

2xp is important as a blade natural frequency force and more weight might be 
necessary in order to avoid critical frequency ranges with un 8-way prop. 


6, Aside from 2xp problems, the dway prop la expected Lo we: igh about 300 ib, 
more than the 6-wsy, 


7. Tests in the 40 x 80 Tunnel at Ames on prop inflow angles show that body | 
inflow angles may be sufficient to affect the prop. Tt was requested that body 
and nacelle effects be included in future Convair Aq studies, 


8. Aeroproducts believes that statio thrust is s function of B.A «Po (no. of 
blades x activity factor per blade) i 1 the 
Therefore, 8 6-way prop can be made tc 


| 
| 


Aero Zero Ho, Àe5-9 
13 April 1951 
XFT-1 Airplane 

Page 2 


B-way by adjusting the 6-way AF to (AF), = (AF), x 4/3. 
; > É 


9. Aeroproducts requested we mail them : 
suggested propeller development program v à had been submitted gn ۵ 
request, ‘leo requested we study the linear acceleration during the takeoff 
using their proposal thrust curve (17,250 lb. statio, 14,350 at 60 knots) 

to see if it falls below 5 ft. ,sec/sec, NIE, سب3‎ 


É : É 
& 


10, They believed that Whirl tests/osa be very misleading, and hoped that the 
suggested 6-way and Bang tests in our proposed program would help convince T 
BuAer that seme such statie-thrust testa should be run. url? a ate مب مر‎ te 


ll. After this conference, Feb Coleman of Curtiss told the writer that 
Curtiss proposed a 6-way propeller in the competition, 


Co Lo Blake 


cos Burstein, 5, 
Carroll, Ch, 
Shick, Keil 


the A > 


Convair is currently investig p 

comple te propeller charts, through M e 1.3, v sing the vortex theory, 

transonic airfoil data and IBM computation. E pp Study is successful, 
it will be possible to evaluate analytically a wide range of variables 
(camber, thickness and twist distributions) and thereby select, with some 
assurance, a definite range of the most promising aenfigurations for exe 
perimental verification. Current [ENC ao based largely upon 
Strip-theory investigations and discussions 1 with propeller manufacturers, 
must necessarily cover a broad range of variables which are subject to 
future revisions, 


The sheet of propeller curves represents the present considered 
best compromise with respect to static thrust, loiter and high speed, and 
propeller structural design. The recommended test configura ations are 
chosen to bracket this design. 

I Static Test" 


As Whirl tests ef single blades "with thickness and twist in 
accordance with the attached curves, with: 


1) 261, constant camber 

2) +35 C, constant camber 

3) 5ء‎ Og constant camber 

4) Camber of attached curve 

5) Similar to 4). with maximum camber at 60% r/R 
6) Similar to 4) with maximum camber at 80% 7 


, 7) Camber of 4) with greater and lesser twist 


8) Optimum configuration to be determined from the fore= 
going blades, 


B. Complete ০০০০ Tests 
1) 8-way test of TA。8) with AF e 150 
2) 6-way test of IA.8) with solidity; 
"ai Equal to IB.1). 


ከ) vit th AF (per blade) = 150. 


| 
| 
| 
| 
| 
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ests el ii on ከ 


Normal = Flight Attitude (Dualerot 
Condition 


propellers of TB 


2) å Pepe camber confi gurations as 


B, High-Speed Condition 


Liars to M e 0,94 over 
mlate 500 through 1300 Y pH. 


å ange 


Test dual=rotation pror 
of J's sufficient to sis 


1) Complete propellers of IB 


2) Additional thioknesses if thinner tips later are 
found bo be structurally feasible. 


A above. 


3) Additional cambers if found promising 


C. Optimum propeller of IT B at ¥ e 1,2 or 1,3 


A. Small angles of yaw (say 3º te 10°) with varying bla 
angles over complete speed range including M = 1.2 or 
1.3. (These tests should not be exhaustive). 


1) 8esay propeller of IA,8). with AF=150, 


2) 6=way te 2), if proved practicable from 
standpoint oi static thrust and high s 


3) Additio SS propellers of Y and IT shown desirable 
for the airplane. 


B, Large angl 
varying 


20 VAN e 
Ee side forces, 
ideal blad 


D i e 
March 30, 1951 
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d be conducted with any available 
dual ‚ler as early as 
ater rep with the final propeller 


i, The single most important item is determination of stresses 
near 90? vaw in side winds for desien of the propeller blades, 
ur 


LO E 


hubs, shafts, and engine mounts. Every effort should be made 
to conduct this test at the earliest possible date. The ree 
sults of this investipation likely will control blade design 
parameters (such as thickness) which will effect the other 
tests, as well as airplane transition maneuvers, etc. 
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1.2 or 1.3 (alse between 0.9 and 1.2 
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te determ efficiencies during dives This item effec 
characteristics and consequently sirplane desien leads, 


3, Staticetest determination of choice between 8=way and 6-way 
propeller, as well as necessary solidity if 6-way is chosen. 
This item effects airplane weight and balance. ነ 


4, Tests at small angles of yaw (for stability studies) through 
the Mach number range. 


5, The foregoing items may be tested with available, representative 
prepellers and may be expected to be generally applicable to whate 
ever propeller may be finally chosen. The choice of specific pre= 
peller design characteristics is likely te fall within a small 
range and te not further effect the airplane and engine design: 
materially, Censequently, remaining 8 aro not greatly 
important, with the following probable و‎ E 
ል) Choice ef propeller før best sód tne, 


B) Choice of propeller før best loiter time. 


C) Choice of propeller for best high-speed efficiency. 


' p) Selection of final propeller from A, B and C, and recheck 
items 1 through 4, above, with final propellers 
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É Aero Memo No, A-5-7 
ث‎ ad 
Subject: Model 5 High-Speed Wind Tunnel Tests 
Reference: Conference at Cooperative Wind Tunnel 20 March 1951 


Coop Personrels Messers, Gayman, Felberg and Koto, 


Convetbs R. P, White and C, L, Blake 


As a consequence of discussions with Tred Felberg concerning tunnel 
choking and available stine support systems, it is recommended that 
the 0.15-scale powered model be replaced by a 0.10-scale unpowered 
model with windmilling propellers. The model design group is pro- 
ceeding with this revised model, Reasons for the revision may be 
outlined as follows: 


a) Using the data supplied by Coop, it is found that the 
0.015-scale model, with frontal area of 1.27 aq. ft., 
will reach a choking Mach number of approximately 
0,886, Reducing the model scale to 0,10 will increase 
the aveilable M to 0.026 and, in view of the delta 
wing, the M may be pushed as high as 0.94 (design high 
speed), 


b) The largest strain-gage balance available for the sting- 
type support has a maximum capacity of 2000 lb. at 06 
moment, The 0,15-scale model will lift approximately 
2000 lb, miximum during the test program, but this would 
require mounting the balance on the airplane center of 
pressure. Due to the model motor and gear box, the 
balance must necessarily be mounted 12 to 16 inches aft 
of the e。p。。 or the net result would be the model would 
be restricted to about & quarter of the desired rance of 
angles of attack, 


e) For the low-speed model, the thrust coefficient (equal 
to negative drag coeffieient| exceeds 1.0 and slipstream 
is consequently high, At M = 0.94 the thrust coefficient 
to be matched is only 0.016 and the slipstream velocity 
is virtually that of free stream, Nevertheless, due to 
the high speed, over 500 H.P. would be required to 


simulate the proper model power. With cur 150 H.P. 1/77 motor, 


only about 75 H,P, wi.l be available at the required RPM 
without exceeding the current limitation of the motor. 
This results in simulation of about 15% of the desired 
power, 


as 
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With tunnel time at $550 per hour, it is questionable 
whether such a poor simulation of power would justify 

the additional expense of rigging time, propeller 
calibration in the tunnel, longer time per run, and 
Hødøy time which must necessarily be assumed to be lost in 
model-motor or gear-box difficulties, A windmilling 
propeller will provide information virtually as good, 

with none of this extra expense, 


Use of a windmilling propeller will also reduce model 
complexity be eliminating motor electrical leads, ff water 8 
and gear-box oil leads from a model which will have 

pressure tubes as well as balance and model surface 

strain-gage leads, Windmilling propellers have been 

used satisfactorily in previous Coop Tests, 


Use of a 0.10-scale Coop model wil’ require construction 

of an additionsl et of propeller blades, However, 

this extra expense ይ#ጀ/ይ#ያ and time will be partially offset. 
by saving in model construction time, and the total 

expense will be easily overcome by reduced wind-yfZYY tunnel 
costs, Elimination of high-speed requirements from 

the large, 0.15-sesle propellers will reduce the poo- 
peller stress problem to something similar to that of 

the éxisting R3Y duet model propel!ers, 


Go Lo Blake 


W, Davis 
Burstein 
Carroll 

H, Shick 
To Blake 
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Notes from Conference with Hamilton Standard 16 March 1951, 


Hamilton Standard: George Posen, Chief of Aero. 

Bud Mac Ternan, West Coast Rep. 
Convair: Po W, Davis, É. Le Bayless, C. B. Carroll, 
B. È, Craig, Co Lo Blake. 


le Hosen agreed with the propeller we had selected for the 0.15. 
scale model except that our constant 3.5% camber could be modified 
more favorably. In accordance with his suggestion, the model blades 
will be constructed using the attached data, This prop also representa 
the present best guess for the airplane, 


2, Spinner onlangénent not likely to have an effect on static thrust 
but will improvefhigh speed no more than 5% by covering the thicker 
parts of the blades, Larger spinner may help blade structural design, 
which Drigss wants conservative, but may bring spinner stresses up to 
burstinge 


3, Blade twist should be such as to give max L/D along the blade at 
high speed, | 


Best high-speed efficiencies with thin blades, With 2% tip linear‏ مه 
to 5% at spinner (extremely thin blade), obtained 80% efficiency at‏ 

H = 0,92. With blade of this type the tip should be loaded fairly 
heavily to, obtain good span distribution. “ith blade like our thickness, 
75% efficiency was obtained, With 2% tip linear to 9% at spinner the 
efficiency was 2 - 3% less than with the thicker blade, due to low 
losding of tips. Our type blade, then, looks fairly good, 


5. With 16 foot, 145 AF prop the 2% thick tip blade fluttered during 
whirl tests with either thick or thin root, Blade is critical at around 
75 = 80% R. With inoreńse to 3 = 3 1/27 thickness at tip the flutter 
problem is solved, With supersonic prop, the c.p. has stabilized near 
50% © and flutter does not exist, 


6, Aerodynamic effect of the larger spinner must be evaluated on “a 
specific design. Spinnerescoop evaluation requires experimental tests, 
rather than analytical solution. An wifavorable pressure gradient on 
the spinner across the bledes may causé separation ef the prop shankse 
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7. Recent Hem Standard prop tests show that the optinium prop RPE 
for high-speed efficiency may be near the 1200 RPM for takeoff, 
using the thin blades, Buter does not yet have this information. 

yo 20° 
8, The 1X P stresses have been studied from 04; found that Aq is 
a good eriterion and that blades appear to be nøt highly stressed, 
Cross-wind tests they have run to date de not show a high 1 X P stress, 
but rather 2 X P, which does not exeite a high load, only a natural 
frequency made which can be easily designed around. ሸ6 will check 
ttis 96° condition in next OVAL teat starting approximately 29 Marck 
and will advise ፻፲, Se of the result, Ham Standard plans to yaw their 
prop test Fr to 90° in their tunnel to obtain data on this question, 


9. Our type blade is good for sn E, P. (excitation factor) of 5 
contineous, Es Fe = OL X (Vi / 100) 2, or E e Aq / 39h ve will 
send H, 5, a plot of እ, Fa vs, V for various lead factors and the 
landing maneuver at an early date, 


10, Ho S, uses a vortexestrip theory for prop efficiencies, while we 
have used Fort Worth's primitive strip theory, Ralph Bayless showed 
the undersigned and Craig, vortex-strip work done here previously, 
based on information in Durand. We expect to check the method against 
NAGA data and the Fort North method, 


11, Posen remarked that several companies did not enter the competition 
because of the design problems, He corroborated an earlier report that 
El Segundo had studied the airplane for Puter over a couple of years and, 
ón the basis of this study, declined to enter, Chance Vought shunned it 
because of experience on the XF5U-1, Truman did not care to do the 
developsent work necessary but, 117 the prospeots look good, may submit a 
low bid for production of a "similar" airplane after the bugs are worked 
out of ours, 


Do Le Blake 


T. B. Davis 

C, B. Carrell 
B. He Shick سب‎ 
R. E. Craig 

Ge Le. Blake 
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VII 


MAN=lOUR 7 


Model Design 
Model Shop 
Test 
Report 
Low=Speed Model 
Hodel Design 
Model Shop 
Test 
Report 
Tunnel Hours 
Liaison on THB 7 
Hi gheSpeed Model 
Model Design 
Hodel Shop 
Test 
Report 
Tunnel Hours 
Engineering 


(ĦAGA & Cornell) 


Spin Test 


Ditehing Test 


FOR TI 


د وروی 


L TESTS 
TE 


(2 men, 1 week) 
(2.5 men, 4 weeks) 
(8 men, 5 weeks) 


(1 man, 6 weeks) 
(5 men, 12 weeks) 
(6 mon, 17 weeks) 
(2 mon, 12 weeks) 
(1.5 men, 12 weeks) 
(1 man, 6 weeks) 
(8 men, 12 weoks) 
(6 men, 18 weeks) 
(2 men, 6 weeks) 
(1 man, 10 weeks) 
(1 man, 16 weeks) 
(2 men, 12 weoks) 


(1 man, 4 weeks) 


(1 man, 6 woeks) 


100 hrs. 


$60 hrs, 
640 ids 
960 hrs. 
160 hrs, 


Xi 


cos 


Fe 
Co 
Ro 
Ca 


Aerodynamie Analysis 


4 men, 16 months (64 weeks) 


Flight Prodicitons 


2 men, 8 months (32 weeks) 


Flight fest è Liaison 


2 men, 12 months (48 weoks) 


Total Model Design Hrs, i 40 
: 11 1440 
III 1440 

2920 hrs, 
‚Total Model Shep Hrs, i 160 
TI 5106 
<tr 5400 


Total Engineering Hrs, 1 240 


240 

IX 960 
726 

240 

TILT 480 
400 

IV 640 
V | 960 
vr 160 
VIT 240 


10,660 hrs, 


Total Test å 5 enn w و‎ w e 5280 


Analysis a ው ቁ en b ህ an 4 10,240 


Predictions e w 5 #5 e € سے‎ 8560 
PIù, Test Liaison 5 e a و و‎ $840 
Total Engineering 21,920 

W, Davis 

B, Carroll ~ 

H, Shick 


Le Blake 


10,240 hrs 


2560 hrs 


5840 hrs. 
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"ind Tunnel Tests 


Outline of Proposec 


Existing simplified model revised to include 15 H.P. motor, ست‎ 
prope Lier sllowing 7 V blade angle, pudder de = 


Ae Geck effect on longitudinal and directional stability of 
blade angle and power. Check trim shift due to power (which was 
questionable), 


B. Cheek rudder used as ailerons. Check effectiveness of larger 
elevator and effect on drag due to lift of intrenned pan, 


C. Check control effectiveness in slipstrean, near ground plane, 
and in side winds. Check propeller thrust in side winds. Obtain 
rudder and aileron effectiveness in slipstream, which was not 
obtained in previous teste. 


D, Simulate stabilized transition ም rather than accelerata 
transitiċn, (Fe A ung 


B. Test sero pitch flaps for inate An hovering. 

F. Study fuselage flow, power on and off. 

Ge Use mice to get rough pressure data for Bynawies. 
11 CYAL Model Tests 


0.15-senle model, 75 H.P., q = 25, scale propellers, balance system 


for yew at high pitch angles. To be kept up to date with airplano, 


A. All basio conventional stability tenta with basie effects of 
power and blade angle, also match Leg flight conditions, 


B, transition effects during hoveringeto-level-flight and 
in 1 g maneuver. Ihe motor ed gear box could be calibraled 
for these tests, since Tot is inareased by the side winda, Now 
ever, better resulta will be obtained with thrustmeter and torque- 
meter, which we now expect oan be installed, 


O. Control effectiveness, includ effeat of ert مه‎ ጅን 
yew, distance from groundplene, open cockpit, winds from vari 

pertera, ste. 

$ 5 
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D, Neutral pitehing-mosent flaps, if desirable, 
E. Flow tests, using tufts and totel-head mise, if desirable. 


F. Pressure distributions on wing, body, and fins, with surfaces 
neutral and deflected. | 


TIT Coop Tunnel “esta 


Sane scale, possibly anne model as OVAL. To be tested after most 
low-speed and free-flight teste. Yodel to have hinge-monent measuräng 
equirment. | 


A. Conventional stability, control, and control hingemonente 
through the range of Nach numbers, power on and power off. “hese tests 
will give the destabilising effects of the propeller, the drag rise, 
hinge moments, etc. If any adverse stability regions are found at 
high HM, this model should be tested in the slotted throat or by 
rosket-powered models. | Pr! 


B. Total-head survey behind propeller ta obtain pressure-recovery 
data for duet, 


C, Tufts and possibly total-hosd mios to cheek high=spesd separation 
over the aft part of the fuselage. 


D. Pressure distribution on wing, body, sud fins with surfaces 
neutral and deflected. ١ 


IV NAGA Hoverin 


ል» Statie hovering oscillation to be analyzed by film and possibly 
by measuring forces so as to determine autopilot requirements, 


udy of landing problems, including necessity of propeller 
i-piteh changes, effects of side winds, pitching and heaving 
decks mot ; tethering, and a study of control effectiveness near 
the deck with various length oleo struts. Probably advisable to 
include accelerometers in model instrumentation, 


flight to hovering if tunnel controls permit. Landing em simulated 
without tethering. 


PTA 
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Conventional free-flight tests power-off and on to determine the 
dymanie effects of the propeller and of the static stability charaster- 
istios including flight st high angles of attack. ! 


Dynamic model tests with various degrees of freedom to determine pare 
meters for dynamic analysis. IT inadvisable to obtain all these ia the 
Free Flight Tunnel, consider use of the Stability Tunnel. If Mach number . 
effects appear eritiosl or questionable, consider teste in the Coop Tunnel 
or the 8 Foot Tunnel with the slot ted throat. 


Conventional spin tests with various types of weight distribution. Simple 
fins will be substituted for the propeller. These tests will come late 
in the development program. 


VIT Påtehing Model 


ihe practicability of ditehing tests still has not bem extablished, 
*his will be done further along in the program. 


VIII Propeller Tests 


Ae ular tests of nine propellers to establish the effects of twist, 
thickness, and camber on the static thrust and on the high-speed 
efficiency, It is recommended that propeller side-foree data be ob- 
tained, if Feasible, due to larger scale than the Coop model Since 
Hamilton Standard le expected to make these tests, it is desirable 
that 1 X P stress data sigo be obtained up to 180% angle of yaw. 5180 
investigate possible lack of symmetry in MER ånd 8864511386 blades in 
yaw and the resulting effect on airplane roll. Thr ست‎ | ረ 
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B. ĦAĠA tests of a dual-rotating, S-blade propeller through 


250 3 | the transonio | 
range are now scheduled, ‘his test will indicate the maximum diving 


©, NACA has scheduled tests of a single-rotation propeller through 
the transonie range at small angles of yew. If either this test, B 
above, or V Å above, show erratie resulte or tendeney toward critical 
instability, the Coop model should be installed im the sktted throat 
før a complete check. 


IX Dust Model 


The internal duet losses will be determined at the Ramp blower facility. 
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Report on Conferences at Buser and Langley Field, Feb. 6 
through Feb. 9 $ 1951. 


General Airplane Conference, 6 Feb., Fighter Desk Office. 


uker: Gomdrs. Sherby and Cook 
vessre. , ۵۶ and Spangenburg 


Convair: 8688፻8» fafe, Carroll, Stout, Haas, Shaw and Blake. 


A, Gonvair was advised that 7 contract will be for two strippededown 
prototypes of the tactical airplane to be powered by TA40e6 engines» Later, - 
these two airplanes will be revised to install military equipment and 
engines. There will also be one gtatic-best article. Comdr, Sherby said 
we have, "the money, backing and priority to £o full: speed ahead," The 
specification will be written 89 8 tactical airplane and an appendix «ill 
remove all taetieal equipment. — : 


B, All competing designs were rated acceptable. little choice smong 


airplanes performancewise} Buter plot showed practically identical curves. 


Goodyear had delta, Martin a swept wing with tail, while Lockheed and 
Northrop hed straight wing and tail, little choice between Lockheed and 
Martine Delta designs were within one square foot of same wing areas others 
were within three Square feet, Weights ren frem 14,600 to 17,200 lb, Euler 
thought we were 700 35. low although cur ۰ position cheokede 


C, Lockheed won a Phase I, primerily because of their convenience to Convair, 
as compared to Wartin (this information 18 not to reach Martin.) Lockheed 
design too long for stable 1andinga and will be completely redesigned, Lock“ 
need may not accept contract in view of extreme revisione Lockheed will use 
geme engine, gesring and propeller 8 Convair. Convair 4s the lead design; 

in case of deadlocked dispute, Buher will referee 46 | 

De Buher approves Ġonvair configuration and anticipates no changes of 
consequence e Tt may be necessary も 9 lengthen the prop shaft and 6 

the thrust line offset for gearing designe Buber would like to avoid maine 
tenance in the vertical position (may require folding jower fin), bresking 
tail for engine access, OF use of spesiel tools. Require access for turbine» 
elearance checks every ten hours. Suggest use of rudderons instead of elevons, 
since elevator control 18 eritical and adder is not; Convair eoncurred in 
this change. | 


Ivan Driggs 8 stripped airplanes be light structuslly and then‏ ولا 
besfed=up for “8 engine, 8 indicated by static test model. results, to give‏ 
lishsest production airplane Believes weicht of stripped model prime con”‏ 
sideration. External shape and internal accomodations of stripped sirplanes‏ 
shall provide for tactical conversion in all respects. lise same prop‏ 
available in time) on stripped version ag on tactical airplane Single-‏ 


Evi 


اا 
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speed gear on stripped airplane, using high rotational speed for statie 
thrust, and accepting whatever high speed the airplane provides. 


F, Drigcs outlined propeller roughly as: 


1) 3% thick at .75 R. (ours was 3.9%). 

2) 13% thiek at spinner (ours was 11.6%). 

3) Wide blade (our AF was 150). 

4) 1100 = rpm. for takeoff (ours was 1150). 

5) 600 = 700 rpm. for high speed (ours was 600), 

6) 8 blades (checks ours). ۱ 

7) Diameter 15.5 to 16 ft. (ours was 15.5). 
Puler is continuing study of propeller (see later conference). Engine 
will provide approximately 3" hole through shaft for supporting the nose 
scanner and spinner. Expect no particular trouble with gear shift if 
ratio of less than 2-to-l is used andshift is made under essentially zero 
load, ۱ | 


é. Buler computed performance for cur configuration, based on our weight 


1) V max, at Sea Level 536 knots against our 542. 

2) V max. at 35,000'511 knots against our 542. | 

3) Highest V max. 540 knots at 13,000 ft. against our 555 knots 
st 22,000 ft. | 

4) Rate of climb 11,300 ft/min. compared to our 14,200 ft/min. 

5) loiter time 1.2 hr. compared to vour 1,53 hr. (See later con- 
ference for more information), 


Ho Glassificaticn to remain SECRET throughout contract, with no relaxation. 
Desk officer responsible that no leaks occur and is anxious contractor obe 
serve all precautions. Contractor to discuss design only with designated 
persons in Buler and company representatives. Do not discuss design with 
Army or Air Force, All material must be released through Buler, except 

to persons previously approved by Duler. Contractor internal security exe 
tremely important, Airplane designation 17۷3 also rated SECRET. Can be 
assigned model number or NX-nunber for unclassified documents, 


Is ㆍ Gomdr. Cook (requirements officer) stated that all Marine Corps sir- 
planes currently considered will be verticalerising. Autopilot will be 
CFE and will be integral part of design, probably not reworked existing 
equipment. Pointed out that autopilot expected to be tailored to each 
individual design of this type and thot contractor might establish a 
profitable business in autopilot design, if desired. Ryan has made cone 
siderable study of control problems, available to us on request. 


de Suggested Convair carefully reconsider and greatly expand test pros 
gram, with more poweredenodel tests and free-flight tests. Langley — 
Field will give all help on various fres-flight phases using our confige 
uration, as they consider it of the best problems they have had and 
rate it a basie problem. Langley theoretical section and Euler ready to 
give any help requested. Taylor Vodel Basin can give Convair service 
similar to Co-op regarding running tests to our program, providing data, 


Ke Langley Field has completed free-flight hovering and have run free- 
to-trim and force tests in the tunnel with simplified tailed and delta models. 
They checked our effectiveness data (about which we had been skeptieal) and 
generally agreed with our stability and control data. However, they, like 
us, thought that our propeller destabilising effects were optimistic and that 
the airplane 9.8» should probably be at 10% rather than at 15% MAC. They are. 
also aware that such movement of the c.g. may not be possible (see later cone 
ference). NAGA is not concerned about the normal accelerated takeoff, be- 
lieving it to be entirely practicable, But they are worried about a gradual 
transition from hovering to level flight, “his maneuver will be tested in 
the Full Scale Tunnel with a free-flight model, 


be NACA has made takeoffs and landings (even spot landings) with their 
simplified models. The motion is touchy near the ground, due to reduction 
in elevator and rudder effectiveness but, if rise is rapid, no trouble is 
experienced. Å safety line is used on the model (slack during flight) and 
no models have been damaged by crackups. The dynamic motion in hovering © 
with fixed controls was a rapid divergence with low damping but the pilot 
could correct, this motion easily, even after it reached a large amplitude. 
Movies of these flights are available, should have been sent earlier to 
Convair, and have been requested through Buler, 


Ke 


TI Stability Conference at Buher Feb. 7. 


 Buher: Beers. Louden, Seidman, Kayten, George and Koven. 
Convair: Mr. Blake | 


As Baler was concerned about separation over the rear part of the fuselage. 
Photographs were exhibited (not previously shown Buler due to being earlier 
wing and tail configuration) which show good flow up to high angles. Buher 
still reserves some concern for high-speed seperation, but much reassured 
by photographs, È | ነክ መለ zu 


B. Mr. Louden advised Convair write letter to uker requesting low-speed 
tests at Taylor Model Basin so that model construction can be started at 
an early date, to be tested according to a Convair=suprlied program. Cone 
Tair also should request tests in the Free-Flight Tunnel, continuation of 
hovering tests with Convair configuration, and transition from static 


hovering to horizontal flight using a free-flight model in the open 
throat of the Full Scale Tunnel. Later we should send 8 letter to 
Buher requesting spin tests. Also later discuss advisability of 
ditching teste with NACA. If it should later appear necessary for 

the design, Convair may consider siottedethrost tests, radio-controlled 
nodels, or rosket-powered models with windmilling propellers. 


6. Convair is authorized to proceed with a low-speed powered model for 
the Convair tunnel and may purchase whatever gear boxes, motors, ete., 
which are necessary, This model will be kept up to date as the design 
proceeds, Convair shall also construct å highespesd powered model to 
test in the Co-op Vind Tunnel in as extensive a program as necessary, 
this to be done subsequent to the low-speed and NAQA fres-flight tests. 
Slotted throats not generally available (see Aero Hemo No. 1). 


D, Our specific project now replaces Puher's general project and ia 
rated urgent in Poter, with high priority at NAGA. | 


E. Boier thought our deck overturn angle might be improved, but agreed 
that control effectiveness should not be reduced by shortening the oleo 
struts, A landing grating was mentioned, but it was admitted that one 
of the attractive features of our design was the lask of special landing 
equipment, y 


f. Buler pointed cut that it may be desirable to keep the vertical Guge 
near the thrust line so as to avoid large statio moments during vertical 
hovering. We should keep in mind that some artificial stability may be 
necessary directionably or longitudinally in horizontal flight, but that 
Puer will resist anything of this sort. The F4D has artifically increased 
directional stability. Programming of the autopilot during the takeoff 
maneuver should be considered so as to provide the optimum pull=over with= 
out special pilot ability. There may be a low stability region in the 
transition range which will help elevator control — this will be determined. 
in the NACA tests. 3 


€. Convair should consider the possibility of using neutral-pitching= 
moment flaps for pure translation without tilt . With present short= 
coupled configuration Buler and NACA expected that the sign of elevator 
"ide" force during hovering, being opposite to the desired direction of 
tilt, might cause control reversal, (However, NACA hovering tests show 
that the conventional control effectiveness we had anticipsted does pre- 
vail and the pilot is conscious of no reversal nor leg tendencies. “ne 
translation flaps therefore appear to be of minor importance). 


Ha Landing in a 30-knot wind requires appreciable tilt (order of 30°), 
which may be had in contacting the desk. If deok-type lending does not 
appear feasible, Puler suggests we consider landing sideways into a saddle 
(although a saddle appesrs little better in pitehing and heaving motions). 
BuÀer expressed question of ground=resonance effect on the propeller 
(WAGA later said it would not be aprarent on diameters smaller than heli- 
coptors), At any rate, Euler suggested we continue to place emphasis on 
landing techniques; NAGA tests will provide considerable help. 
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Performance Conference at Buler Feb. 7. 
Ruler: Messrs. Linden and 76 
` Convair: Wr. Blake 


As ihe variation between huker and Convair performance figures for our 
configuration was due to the difference in Mach number drag wise and in 
span efficiency. huker has no XP-92 wind-tunnel data and therefore re- 
lied on 7002 flight=test data which were available to them. they vole 
unteered that our performance may be fully valid and requested ve send 
them the wind-tunnel data ve used. | | 


B. Puler pointed cut thet differences in performance were minor ik 

in endurance. The larger difference there was that Bufer required slightly 
more than 50% power to cruise, while we were able to drop back to one 
barrel. ‘this resulbed in much lower fuel consunption figures for use 


Propeller Conferenee at Boker Feb. 8. 


Buher: Dr tansnater, WessrBe Hyatt, Ellis and Marander, and ` 
later 0gmdr。 ه7‎ 


Convair: Ur. Blake, and later, Ur. Carroll. 


A. Dr. Lancaster continued with studies since our talk with Driggs on the 
preceding day and has the propelier boiled dom to a small range of variables. 
He new believes 0.2 camber at 1200 rpm. with solidity = 0.4 will be alright 
for takeoff, and with 600 rpm will give about 64% efficiency at H = 0,925, 
With solidity = 0.3 the thrust is too low for takeoff. | 


B. The Office of Naval lleseareh le considering letting å contract to 
Hamilton Standard (who should be there the week of Feb. 15) for construetion 
of nine model propellers for test iu the Cornell wind tunnel, ‘hese will 
have three twists, thicknesses, and cmmbers to bracket the renge found to 
be favorable analytioally, ‘he effeot of ‘solidity is well known and need 
not be isolated by the tests. 


omdr. Sherby pointed out that an existing Hamilton Standard propeller 
might de used for prototype flights, since the design propeller likely may - 
not be ready in time. Dr. Lancaster made a quick approximation of 2.8 ۰ 
static thrust for this propeller, which às slightly greater than the 7 
minimum. The propeller is therefore marginal. 


Note: - Hamilton Standard representatives ከይህ | static-test data to 
Sen Diego on Feb. 15 which showed 2,9 1b/i.P, for this propeller. 
Å Sorbian — on Feb. 14 st ted that they have existing 
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‘propellers papable of this range of thrust and has requested 
information from the factory to be transmitted to us. 


Stability and Control Conference at NACA, Langley Field, Feb 9, 1951. 


NAGA £ Hessrs. Harris, Zimmerman, Campbell, Corsin, Donian, 
McKinney, and Bates. A 


BuAerp Negara. Kayten and George, 
Convair: Messrs. Carroll and Blake. 


In addition to information already reported by XFY-l iero Hemo 
Ho. 1, doted February 14, 1951, the following information is 
submitted, | : 1 


Å» NACA has had our data and knows our problems fsirly well, They have 
a model nearly equivalent to curs which flies rolatively easily, ‘his 
model has sutemetic roll stabilisstion to retain orientation with the 
pilot, although the terque effect of unbalanced propeller settings could 
be easily trimmed manually. — 


B. The hands-off hovering escillation was not improved by using rate 
gyros, probably because of the slow rate of motion, It was believed that 
neither the pilot nor a displacementegyro autopilot would have diffieulty 
in eontrolling this motion, 


Ge Å configuration was flown with clippedetype cruciform wings, the short 
wings to provide translation without rotation. The control was smooth — 
but perhaps not quite as effective as the tail control; however, it was 
not impaired by ground effect. 


De ihe delta-wing configuration was about as good in hevering as the 
tailed model bub the controls appeared to be a little weaker (although 
the tail length is much less). Motions were about the same and it had 
essentially neutral stability. Ho autopilot nor tethering tests were 
run with the delta model. It is possible to fly up, around and land 
back in a circle of wing-span diameter, ‘he average is about 50% 
sugeessful hits, including the effect of model breakdowns. 


E, Freeeto-trim tests showed that the delta model has aonstant=power 
instability, but angle-of-attack stability between 20° and 70° angle of 
attack, Delow 20º and above 70° the constant=power stability is positive, 
The resson we had not found this instability is that our motor failed be- 
fore that range was covered and we used straight-line extrapolution, 
where NACA pitehing=moment curves had considerable curvature at low lift 
coefficients. he artificaial feel mechanism will offset this effect. 


In fact, the forces and moments åre ı 
in our report) and NACA is not sure that positive stability is necessary. RE 
| They åre also in doubt as to how model power should be set, since it is =) 
| largely dependent upon the specifie maneuver which is to be simulated, 


Fo 1486 the longitudinal Stability, directional stability losses due to 
thrust coefficient at high angle of attack look bad and NACA will check 
this further. NACA was aware that the F-92 had directi ona: 


lieves these qualities should be checked in the powered-mo 
that bhe proble; ally dynamic and must bę finali: 
ts in the Full 36836 Tunnel, 


Ge It is ex spin recovery will ba no problem, and the model 
will be tested largely as a matter of interest in the unconventional 


design» It is bel: i that application of power ålone will provide 
slipstream sufíicient to easily remove the airplane from a spin. Aocord- 
ingly, the spin model will be unpowered, but will have fins io represent 
the propeller slde-force effects to give å sonservative result, 


nolusion:; Pwer appeared to be pleased with the Convair configuration, enthusiastie 
about the prospects of the airplane, and extremely cooperative and generous 
in helping the progress of the design. ‘the inference was that anything 


we expeet to have, they expect will pe present; and the problems we had yet 
to solve, they also have not solvede It is expeoted that the tests outlined 
at Buker and the KACA Will provide all the information necessary for design 
of the airplane, or will point out &ny further problems whigh Should be 
investigated, i | d 
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